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STUDY  OF  THE  REACTION  KINETICS  OF  THE  RECIPROCAL  TRANSFORMATION  OF 


SATURATED  PHOSPHOMOL  Y  BDIC  AND  LU  TEOPH  OSPHO  MOL  YBDIC  ACIDS 
E.  A,  Nikitina  and  O.  N.  Sokolova 


Phospho-9-molybdic  acid  ( luteophosphomolybdic  acid)  is  produced  in  aqueous  solution  by  the  action  of  {^os- 
{Aoric  acid  on  phosphomolybdic  acid  of  the  saturated  series.  As  our  earlier  investigation  showed  [1],  the  reaction  is 
reversible,  and  its  directicm  depends  on  the  temperature  and  on  the  concentration  of  HgPO^. 

sHtOX  MojP,)al  +  HjPQ,  Mop,)^. 

We  found,  experimentally,  that  an  excess  of  160*1^  phosphoric  acid  and  a  temperature  of  about  20”  are  most 
favorable  for  die  forward  reactiLoi*.  the  reverse  process  was  accelerated  appreciably  at  a  temperature  above  30". 

In  1951.  Souchay  and  Focheire  [2]  studied  the  transformation  of  saturated  phosphomolybdic  acid  to  the  com¬ 
pound  of  the  luteo  series  at  25*.  namely  they  studied:  the  rate  of  the  transformation  in  aqueous  solution,  in  the  {ve- 
sence  of  nitric  acid,  in  the  presence  of  an  excess  of  sodium  phos|diate,  and  in  a  partially  neutralized  solution.  The 
experiments  were  continued  for  about  1000  hours.  It  was  found  that  an  increase  of  the  phosj^te-lon  conc-entration 
accelerates  the  process  somewhat,  but  does  not  seem  to  be  a  decisive  factor  in  the  displacement  of  the  equilibrium; 
an  excess  of  a  minerald  acid  had  no  effect  on  the  transformation,  but  partial  neutralization  represses  the  fmmation 
of  luteophosphomolybdic  acid.  Souchay  and  Fochene  were  unable  to  establish  the  reversibility  of  the  reaction  be¬ 
tween  phosphoric  and  saturated  phosi^omolybdlc  acids,  and  assumed  that  in  diis  case  it  was  not  possible  to  speak  of 
an  equilibrium  in  the  thermodynamic  sense  of  the  word;  they  assumed  that  in  this  reaction  equilibrium  is  established 
after  approximately  1008  hours.  The  authors  were  unable  to  determine  the  order  of  the  reaction. 

We  posed  for  ourselves  the  problem  of  studying  the  relationship  of  the  reaction  rate,  in  the  formatlaa  of  luteo- 
phosj^omolybdic  acid,  to  the  concentration  of  phosphoric  and  saturated  phosphomolybdic  acids  in  the  initial  solution, 
and  to  die  temperature. 

EXPERIMENTAL 

Study  of  the  reaction  kinetics  of  the  ncansformatlcin  of  saturated  rttoschomolybdic  acid  to  the  luteo  form.  The 
investigations  were  carrie'*  out  in  a  thermostat  at  0  and  25”. 

0 

Saturated  phosphomolybdic  acid,  for  all  the  expieriments,  was  synthesized  by  a  method  [3]  described  earlier. 
Solutions  of  different  concentrations  were  prepared  from  the  acid  obtained;  to  some  of  the  solutions  we  added  the  dieo!- 
retical  amount  of  phosphoric  acid  and  ot  others  we  added  an  excess  (160^  as  compared  with  that  calculated  from  die 
equation). 

After  a  time,  luteophosphomolybdic  acid  appieared  in  soluticm,  and  at  the  same  time  the  content  of  saturated 
phosphomolybdic  acid  decreased.  In  order  to  establish  the  course  of  the  process,  we  observed  the  changes  in  the 
compxKltions  of  the  solutions;  wei^ied  piortions  of  die  solutions  were  withdrawn  after  certain  time  intervals  and  the 
saturated  phosphomolybdic  acid  contents  in  diem  were  determined. 

For  this  purpose,  from  2  to  10  ml  of  solution  was  withdrawn  into  a  beaker  fca  weighing,  the  quantity  taken  de¬ 
pending  on  die  saturated  phosphomolybdic  acid  contem;  the  beaker  and  cover  were  weighed,  and  an  equal  volume  of  a 
saturated  solution  af  ammonium  chloride  was  pioured  into  the  beaker.  The  precipitated  ammonium  salt  of  saturated 
phosphomolybdic  acid  was  filtered  through  a  crucible  fitted  with  a  No.  4  pxBrous  plate;  the  precipitate,  in  some  of  the 
same  ammonium  chloride  solution,  was  transferred  to  a  filter  and  washed,  first  with  a  more  concentrated,  13-147o, 
solution  of  NU^^Cl,  and  then  wldi  a  more  dilute  solution;  for  the  final  wadiing  we  used  a  solution  containing  0.4-0. 5^ 
ammonium  chloride.  The  precipitate  was  washed  3  times  with  10  ml  pxntions  of  each  solution;  die  precipitate  could 
not  be  washed  with  water,  since  this  converts  it  to  the  colloidal  condition  and  It  passes  dirough  the  fUter.  The  cruci¬ 
ble  with  the  precipitate  was  dried  for  1  hour  at  100-110*.  and  then  it  was  dried  to  constant  weight  at  130-140”.  The 
saturated  phosphomolybdic  acid  content  in  the  solution  was  calculated  from  the  quantity  of  salt  obtained. 

In  the  first  piart  of  die  work,  duplicate  analyses  of  die  solutions  existing  at  25  and  0”  were  carried  out  under 
room  tempierature  conditiais. 


The  saturated  phosphomolybdic  acid  in  the  tables  and  in  the  figures  is  abbreviated  as  s.p.m.. 


TABLE  1 


Kinetics  of  the  Transformation  of  Saturated  Phosphomolybdic  Acid  to  the  Luteo  Form 
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17 
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8 
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26 
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33 
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0.3076 

67 
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7 
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- 
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1 
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However,  the  results  of  the  analyses  obtained  for  the  solution  at  0°  were  unreliable  and  were  too  high  with  res 
pect  to  the  saturated  phosphomolybdic  acid  content,  which  at  first  prevented  the  construction  of  a  graph  of  the  pro¬ 
cess. 


It  has  been  noted  that  the  reaction  of  the  reciprocal  transformation  of  the  two  phosphomolybdic  acids  is  rever.- 
sible.  Obviously,  fluctuation  of  the  temperature  of  the  solutions  from  zero  to  room  temperature  during  the  analyse i, 
shifted  the  equilibrium  toward  die  formation  of  saturated  phosphomolybdic  acid,  resulting  in  elevated  values  for  the 
concentrations  of  the  latter  in  the  solutions  studied. 

It  was  necessary  to  eliminate  the  temperature  fluctuations  of  the  solutions,  i.e.,  to  carry  out  the  analyses  at  0°. 
Above  all,  we  wanted  to  avoid  the  operation  of  weighing  the  sample;  therefore,  in  subsequent  experiments  we  simul¬ 
taneously  withdrew  two  samples  of  solution,  using  calibrated  pipettes.  One  sample  was  placed  in  a  beaker  under  the 
usual  conditions  and  weighed;  the  odier  sample,  of  equal  volume,  was  withdrawn  into  a  beaker  which  had  previously 
been  kept  at  0”  for  0,5  hour.  To  the  samples  in  the  cold,  we  added  a  solution  of  ammonium  chloride  (saturated  at 
the  desired  temperatuBe)  which  had  been  cooled  to  0°, 

The  precipitate  of  the  ammonium  salt  of  saturated  phosphomolybdic  acid  was  quickly  transferred  to  a  crucible 
with  a  porous  bottom;  the  crucible  had  previously  been  kept  at  0°  for  0.5  hour. .  The  precipitate  was  filtered  and 
washed  at  0*;  the  ammonium  chloride  solutions  had  been  cooled  to  0“.  Witii  the  observance  of  these  conditions,  the 
results  of  the  analyses  were  entirely  satisfactory. 

The  experimenthl  conditions  and  the  results  of  the  investigations  are  presented  in  Table  1  (Fig,  1). 

From  the  dau  of  Table  1  it  is  evident  that,  in  the  presence  of  an  excess  of  phosphoric  acid,  most  of  the  satura¬ 
ted  phosphomolybdic  acid  is  converted  to  die  luteo  form  during  the  first  6-7  days,  but  a  considerable  time  is  required 
f(X  complete  transformation. 

To  determine  the  order  of  the  reaction  for  the  transformation  of  saturated  phosjdiomoiybdic  acid  to  the  luteo 
form,  we  calculated  the  values  of  the  constant  from  the  usual  equation,  for  all  the  experiments  of  the  five  series, 

2. 303  a 

For  monomolecular  reactions  K  =  ''  "  , 

t  a— X 
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. .  2.303-  b(a“x) 

For  bimolecular  K  =  - -  •  *~r - T . 

i(a-b)  a(b-x) 


The  values  obtained  for  the  constant  are  presented  in  Table  2. 

In  order  to  derive  the  average  values  of  the  constant  from  the  equation  for  a  1st  order  reaction,  we  excluded 
the  following  two  experiments*,  experiment  3  from  series  III  and  experiment  1  from  series;  V. 

From  the  data  obtained,  we  concluded  that  in  the  three  series  of  experiments  carried  out  at  25°.  with  the  opti¬ 
mum  excess  of  phosphoric  acid  in  the  reaction  sv'iim (II,  III,  and  IV  series),  the  average  values  of  the  constant  agreed 
satisfactorily’*.  0.248,  0.255  and  0.336. 

For  die  experiments  of  series  V,  carried  out  at  0”,  the  average  value  of  the  constant  was  smaller,  amounting  to 
0.144;  for  series  I  experiments,  in  which  the  phosphoric  acid  was  present  in  the  theoretically  calculated  quantity,  the 
average  value  of  the  constant  was  0.554. 

Calculation  of  the  values  of  the  constant  completely  confirmed  our  many  observations  of  the  process  of  syn¬ 
thesis  of  luteophosphomolybdic  acid:  with  the  theoretically  calculated  quantity  of  phosphoric  acid,  the  process  pro¬ 
ceeds  more  slowly  than  would  be  indicated  by  thelow’value  of  the  constant;  with  an  excess  of  phosphoric  acid  the 
reaction  proceeds  more  rapidly  ~  the  value  of  the  constant  increases. 


Fig.  1.  Kinetics  of  the  conversion  of  saturated  phosphomolybdic  acid  to 
the  luteo  form.  Explanation  in  the  text. 


Later,  we  calculated  the  average  value  of  the  constant  from  the  equation  for  a  bimolecular  reaction.  We 
eliminated  four  experiments  ( 5  from  series  I,  3  from  series  III,  1  and  2  from  series  V)  but,  in  spite  of  this,  for  the 
four  series  of  experiments  carried  out  with  an  excess  of  phos]^oric  acid,  we  obtained  highly  divergent  values  for 
the  constant:  4.964.  1.980,  1.145  and  0.911. 

On  calculation  of  the  constant  for  the  series  I  experiments,  it  was  found  that  the  values  of  the  constant,  as 
calculated  from  the  equations  ftn  reactions  of  the  1st  and  2nd  orders,  agreed  rather  closely;  0.0554  and  0.0745 
(Table  2). 

We  determined  the  half-life  p)eriod  of  the  reactions  for  all  five  series  of  experiments.  For  series  n.  Ill  and  IV, 
canied  out  under  identical  iemp«iatuie  conditions,  the  half-life  i)eriods  were:  18.85  hours.  20.73  hours  and  19.76 
hours,  which  gives  an  average  value  of  19.78  hours;  the  corresponding  concentrations  of  satiuated  phosphomolybdic 
acid  in  the  original  solutitms  were  17.5,  34.68  and  49.3  wt.*^.  Consequently,  under  the  conditions  specified  the 
half-life  period  of  the  reaction  did  not  depend  on  the  concentration  of  the  substance  in  the  original  solution;  this 
confirmed  the  assumption  that  the  reaction  studied  might  belong  to  the  first  order. 


Calculation  of  the  Rate  Constant  of  the  Tranafatmatlon  of  Saturated  Phosphomolybdic  Acid  to  the  Luteo  Form 


a 

cr  u 

U  w  *0 


c 

S  0) 

3-0  -o 

o'  d  o 
o - 

B 

**-  «  -o 

M  fl4 

l-H  O 


□ 


• 

o 

2.059* 

1,138* 

0.597 

0.412 

0.446 

o 

CO 

p 

p 

uo 

c- 

CO 

o 

0.332 

1  0.296 

1 

• 

o 

o 

lO 

o 

0.286 

0.152 

0,113 

0,128 

0.101 

oero 

0.129 

CO 

rH 

O 

i 

«0 

B 

i  1 

48 

96 

1 

192 

240 

624 

1 

792 

1608 

2040 

B 

0) 

(- 

iH 

Cl 

CO 

lO 

CO 

t- 

00 

c& 

t- 

d 

iH 

lO 

o 

CO 

CQ 

o 

CO 

iO 

CO 

o 

t-; 

CJ 

CO 

00 

rH 

o 

rH 

o 

00  < 
< 

o  ca 
7>  Oi 

fH 

®  00 

5S  ^ 

OJ  t- 
rH 

S— 

<0 

1/0  CO 

S  4)2 

i  a 

"C  H  -5 

Si 


o 


d 

rH 

CO 

CO 

CO 

rH 

lO 

considered  in  the  calculation  of  the  average  value  of  the  constant  horn  the  equations  given. 


The  value  found  for  the  half-life  period  of  the  reaction,  for  the  series  of  experiments  carried  out  at  0*.  was 
17.54  hours,  i,e.,  it  was  somewhat  less  than  the  average  value  of  the  half-life  period  of  the  reaction  for  the  three 
series  of  experiments  indicated  above. 

For  series  I  experiments,  carried  out  with  the  theoretically  calculated  quantity  of  phosphoric  acid,  the  half- 
life  period  of  the  reaction  was  considerably  higher,  namely,  141  hours. 

For  this  series  of  experiments,  the  value  of  the  constant  calculated  from  the  equation  for  1st  order  reactions 
was  0.0049,  but  for  2nd  order  reactions  it  was  0.0343.  Consequently,  under  the  conditions  indicated,  the  transfmma- 
tion  of  saturated  phosphomolybdic  acid  to  the  luteo  form  corresponded  closely  to  a  2nd  order  reaction. 

Calculation  of  the  constant  from  the  equation  for  3rd  order  reactions  gave  completely  inadmissible  results. 


The  data  obtained  allowed  us  to  assume  that  the  transformation  of  saturated  phosphomolybdic  acid  to  the 
luteo  form  was  a  1st  order  reaction.  However,  it  should  be  considered  that,  as  the  concentration  of  phosphoric  acid 
in  the  reaction  system  (series  I)  decreased,  a  change  of  the  reaction  order  to  that  of  a  bimolecular  reaction  was  ob¬ 
served. 

The  fact  that  complete  transformation  of  saturated  phosphomolybdic  acid  to  the  luteo  form  was  attained  in 
two  series  of  experiments (II  and  III)  permits  us  to  assume  that  the  reaction,  under  certain  conditions,  goes  practic¬ 
ally  to  completion. 


Fig.  2.  Values  of  —log  C  of  the  kinetics  of  the  conver¬ 
sion  of  the  saturated  acid  to  the  luteo  form.  Explana¬ 
tion  in  the  text. 


The  reaction  order  of  the  conversion  of  saturated 
phosphomolybdic  acid  to  the  compound  of  the  luteo  ser  - 
ies  was  also  verified  grai^iically. 

On  the  basis  of  the  differential  equation  for  the 
dc 

rate  of  a  1st  order  reaction  — r-  =  k.C  we  found  the 

dt 

equation  —log  C  =  a^  +  1^.  and  calculated  the  values 
of  -log  C. 

The  differential  equation  of  the  2nd  order  has  the 

form;  —  kjC^,  hence,  the  solution  of  the  equation 
dt  ‘ 

gives  ”=  £2+  kjjt.  The  values  of  —log  C  and  ^  were 

calculated  for  all  five  series  of  experiments;  the  calcu* 
lations  are  given  in  Table  3. 


From  the  calculations  of  —log  C  and  l/C  (Table  3) 
we  constructed  a  graph;  the  time  in  hours  was  designa¬ 
ted  along  the  abscissa,  and  along  the  ordinate,  the  values 


of  —log  C  and  l/C  were  given.  Fee  series  I  experiments,  a  straighter  line  was  obtained  on  the  basis  of  the  l/C  val¬ 
ues,  but  for  the  remaining  series  of  experiments  (n.  in,  IV  and  V)  on  the  basis  of  —log  C  values  (Figs.  2  and  3). 
Therefore,  we  reached  the  same  conclusiai  by  the  graj^ical  meAod  for  determining  the  order  of  reaction,  i.e,, 
that  the  reaction  studied  belongs  to  the  1st  order. 

Study  of  the  kinetics  of  the  decomposltlan  of  luteoiAosphomolybdic  acid.  We  studied  the  effect  of  concen¬ 
tration  and  temperature  on  the  process  of  conversion  of  the  luteophosphomolybdlc  acid  to  the  saturated  acid  in  solu¬ 
tion. 


The  investigations  were  carried  out  in  a  thermostat  at  0  and  25*;  the  concentrations  of  luteophosphomolybdlc 
acid  in  the  solutions  were  17.3  and  49.45  wt. 


Observations  of  the  composition  changes  of  the  solutions  were  made  by  determining  the  contents  of  satura  - 
ted  phosphomolbydic  acid  in  them,  in  a  way  similar  to  that  descs  ibed  above. 

Solutions  of  luteophosi^omolybdic  acid  at  0*  did  not  change  over  a  period  almost  4  months. 

The  results  of  the  investigations  at  25*  are  given  in  Table  4,  (Fig.  4). 

By  investigation  of  the  relation  of  temperature  and  concentration  to  the  kinetics  of  the  decomposition  reac¬ 
tion  of  luteof^osphomolybdic  acid  in  aqueous  solution,  we  were  able  to  account  for  the  fact  that,  on  evaporation  of 
the  aqueous  solutions  of  the  luteophosphomolybdlc  acid,  we  were  unable  to  obtain  a  preparation  vrtiich  was  free  hrom 
concentrated  phosphomolybdic  acid. 
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TABLE  3 


Calculation  of  the  Values  of  “log  C  and  l/C  for  Data  from  the  Study  of  the  Reaction  Rates  of  the  Conversion  of 
Saturated  Phosf^omolybdic  Acid  to  the  Compound  of  the  Luteo  Series 


No. 

1  Series  n  experiments  | 

mm 

mm 

TlPgC 

1 

C 

-logC 
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-log  C 

1 

C 

-logC 

'  1 
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1 
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4.803 

— 

5.866 

150.58  1 

7,346 

60.89 

9.933 

40.97 

12.17 

49,59 

2 
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25.32 

172.03 

13.32 
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54,62 

3 

13.514 
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35.461 

633.70 

280.23 

1733.8 

20.56 

69.33 

li.630 

57.90 

4 

84.03 

56.24 

966.6 

- 

- 

75.49 

232.2 

21.80 

79.20 

5 

131.39 

18.97 

135.05 

2336.02 

- 

- 

438.77 

1281.6 

30.79 

6 

- 

- 

- 

- 

- 

- 

506.31 

3203 

63,06 

7 

- 

- 

- 

- 

- 

- 

- 

- 

102.98 

8  ! 

- 

- 

- 

- 

- 

- 

- 

- 

207.44 

533,86 

9  i 

- 

— 

- 

— 

- 

- 

— 

— 

236.64 

603,84 

TABLE  4 


Kinetics  of  the  Decompositiaa  of  Luteophosphomolybdic  Acid  at  25* 


Concentration  of  l.pm.*  acid  in  solution  11.2^ 

1  Concentration  of  l.p.m.  acid  in  solution  i^Ad’Jo' 

1  wt.  ^  l.p.m.  acid 

mole'^o  1^5.  m.' adit 

1 

2 

Not  observed 

1 

Slightly  turbid 

4 

Slightly  turbid 

2 

Turbid 

6 

6 

0.31 

0.00301 

11 

0.18 

0.00174 

7 

0.58 

0.00564 

14 

0.22 

0.00213 

14 

1.19 

0.01164 

43 

0.35 

0.00395 

43 

2.94 

0.02927 

74 

0.66 

0.00642 

74 

5.19*» 

0.05289 

103 

1.19 

0.01014 

138 

1.52 

0.01492 

210 

2.37 

0.02347 

Fig.  3.  Values  of  l/C  of  the  kinetics  of  the  conversion 
of  the  saturated  acid  to  the  luteo  form.  Explanation  in 
the  text 


In  experimenul  studies  (Xi  the  reaction  rate  It 
was  found  that,  as  the  concentration  of  the  solution  in  - 
creased,  the  rate  of  formation  of  saturated  {diospho- 
molybdlc  acid  increased,  and  this  in  turn  caused  an  in¬ 
crease  of  the  saturated  phosphomolybdic  acid  content 
in  solutions  of  luteophosphomolybdic  acid,  depending 
on  the  extent  to  which  the  latter  were  cmicentrated  by 
evaptvation. 

The  decomposition  curves  of  luteophospho¬ 
molybdic  acid  were  of  a  linear  character;  the  reaction 
rate  of  the  decomposition  of  the  hetero- poly  acid  In¬ 
creased  appreciably  In  the  more  concentrated  solu  - 
tions(Flg.  4), 

A  study  of  the  reaction  rate  of  the  transforma  - 
tion  of  satiurated  phosphomolybdic  acid  to  the  compound 
of  the  luteo  series  shovred  that  It  was  a  1st  order  reac¬ 
tion;  the  established  reaction  order,  characteristic  of 
polymerization  processes,  confirmed  the  validity  of  the 
structuralfformula  of  luteophosphomolybdic  acid  as  a 
binuclear  complex.  Thus,  this  physico-chemical  in¬ 
vestigation  constitutes  a  new  confirmation  of  the  coor  - 
dination  dieory  of  the  structure  of  hetero -pxilycompounds. 


*  1.  p  m.  equals  luteophosphomolybdic  acid. 

**  On  the  74th  day,  molybdic  acid  appeared  in  the  solution,  l.e.,  the  complex  began  to  break  down. 
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Titne  On  htS*) 

Fig.  4,  Kinetics  of  the  conversion  of  luteophosj^omolybdic  acid  to 
die  saturated  fmn. 

SUMMARY 

1.  The  reaction  kinetics  of  the  conversitm  of  saturated  phosidioniolybdic  acid  to  the  compound  of  the  luteo 
series  was  studied  at  0  and  25°. 

2.  The  order  of  die  reaction  was  established  by  grai^ilcal  methods,  by  calculation  of  the  reaction  rate  con* 
stant  and  by  determination  of  the  half-life  period  of  the  reactlcwi. 

3.  The  reaction  studied  was  diown  to  be  of  the  1st  order. 

4.  The  reacticm  kinetics  of  die  conversion  of  luteophosi^omolybdic  acid  to  the  saturated  compound  was 
smdled  at  0  and  25°. 

5.  We  established  die  linear  dependence  of  the  rate  of  die  latter  reaction  on  concentration  at  25°.  At  0°, 
over  a  period  of  4  months,  we  observed  no  transformation  of  phosjdio-9-molybdic  acid  to  the  compound  of  the  sa¬ 
turated  series. 

6.  The  transformation  of  the  saturated  acid  to  a  compound  of  the  9di  series  should  be  considered  as  a  poly¬ 
merization  reaction,  l.e.,  as  the  transformation  of  a  mononuclear  to  a  binuclear  complex. 
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COMPOSITION  AND  CHEMICAL  PROPERTIES  OF  MAGNESIUM  BORIDES 


L.  Ya.  Markovsky,  Yu  D.  Kondrashev  and  G.  V.  Kaputovskaya 


The  first  reference  to  the  magnesium  borides  is  in  the  work  of  Geuter  [1],  who  obtained  them  by  reduction  of 
sodium  borofluoride  with  metallic  magnesium.  Later,  the  product  to  which  the  formula  MgjB^was  attributed  was 
produced  by  Jones  [2]  and  by  Jones  and  Taylor  [3],  by  the  reduction  of  boric  anhydride  with  magnesium,  by  the  reac¬ 
tion  of  the  elements,  and  by  die  reaction  of  magnesium  with  BCI3,  This  result  was  confirmed  by  Moissan  in  1895  in 
his  Work  on  the  study  of  methods  of  obtaining  elementary  boron  [41.  However  Moissan  observed  that,  besides  the 
boride  which  easily  decomposed  in  water  and  acids  with  the  evolution  of  gaseous  boron  hydrides,  there  also  exists 
another  stable  magnesium  boride  which  is  not  decomposed  even  on  prolonged  treatment  with  acids.  This  boride  is 
one  of  die  most  difficultly  removed  impurities  in  amorphous  boron,  and  accordingly  [4]  can  be  decomposed  by  fusion 
with  an  excess  of  boric  anhydride. 

In  1914.  Ray  [5]  confirmed  the  foregoing  data  ooa  the  composition  of  magnesium  boride  (MgsB 2),  maintaining  that 
the  boride  of  a  different  composition  did  not  exist  This  point  of  view  was  maintained  in  subsequent  generally  recog¬ 
nized  vrorks,  especially  after  the  work  of  Stock  and  coworkers  [6.  7],  who  were  engaged  in  the  study  of  the  {xoperties 
of  magnesium  boride  as  a  raw  material  for  die  production  of  boron  hydrides  [8,  9,  101  However,  data  in  die  work  of 
Travers  and  Ray  [11]  contradict  such  a  composition  for  magnesium  boride.  The  results  of  their  study  of  the  products 
of  the  hydrolysis  of  magnesium  boride  showed  the  inadequacy  of  the  formula  Mg^B^  which  compelled  the  authors  to 
advance  a  hypodiesis  concerning  the  existence  of  a  boride  of  the  composition  Mg|B|. 

Physico-chemical  data  relative  to  the  properties  of  magnesium  boride  and  to  its  structure  were  lacking  until 
recently.  No  earlier  than  1953  and  1954,  two  foreign  reporc  [12,  13}  pertaining  to  die  structure  of  magnesium  di- 
boride  appeared,  confirming  our  results. 

The  purpose  of  the  present  report  was  the  study  of  the  system  Mg^B,  and  also  the  study  of  the  properties  of  the 
individual  compounds  forming  in  the  system.  The  difficulties  in  the  investigation  of  this  system  related  to  die  vola' 
tility  of  magnesium,  the  impossibility  of  triitaining  monocrystals  of  the  binary  compounds  observed,  and  also  incon¬ 
veniences  of  an  analytical  nature,  which  prevented  us  from  carrying  out  a  separate  determinatioa  of  elementary  and 
combined  boroo;  for  the  present,  all  this  made  it  impassible  to  completely  clarify  the  prahlem  of  the  composition 
and  structure  of  die  boride  phases  with  high  baron  contents.  However,  we  did  obtain  conclusive  results  for  magnesium 
dibotide. 


EXPERIMENTAL 

Procedure.  Different  compositions  of  borides  were  prepared  from  powders  of  amorphous  boron  and  magnesium. 
The  amori^ous  boron  contained  99^  of  the  primary  substance.  1.4*7o  Mg.  l.T^  Fe  f  A1  and  O.SF^o  Si. 

The  magnesium  conulned  the  following  impurities:  0.1<^A1.  0.07^  Fe  and  O.OS^  Si. 

The  powdered  components,  in  fixed  propmtions,  were  carefully  mixed  in  an  agate  mortar  and  poured  into  a 
graphite  test  tube,  in  which  they  were  either  pressed  manually,  or  briquetted  under  a  pressure  of  800  kg/cm^  The 
grai^ite  test  tube  and  its  contents  were  heated  in  an  atmosphere  of  carefully  purified  hydrogen;  the  heating  was  carried 
out  in  cylindrical  iron  reaction  vessels  m  in  hermetically  sealed  quartz  reaction  vessels,  from  which  the  air  had  been 
previously  evacuated,  and  the  charge  was  degasified  at  a  temperature  of  about  150*.  The  reactors  were  placed  in  a 
heated  ciucible  furnace  and  kept  there  for  the  required  time  at  a  fixed  temperature,  after  t^diich  they  were  cooled 
rapidly  in  cold  water.  The  heating  temperature  was  measured  in  die  reaction  zone  by  means  of  a  Pt—Pt/Rh  thermo 
couple.  Because  of  its  marked  exothermicity,  the  reaction  between  boron  and  magnesium  could  always  be  detected 
by  the  rapid  temperature  change. 

By  a  preliminary  chemical  analysis  and  an  X-ray  invest^ation,  the  absence  of  a  reaction  between  die  graphite 
and  the  components  of  the  charge  was  demonstrated. 

The  black  or  dark -cinnamon  colored  agglomerates  obtained  as  a  result  of  the  reaction  with  different  propor¬ 
tions  of  Mg  and  B.  were  subjected  to  X-ray  and  chemical  analysis. 
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The  X-ray  structural  investigation  was  carried  out  with  -radiation  in  a  chamber  with  an  adapter  diameter  of 
57.3  mm;  die  most  typical  samples  were  photographfed  in  a  VRS  chamber  with  an  adapter  diameter  of  143.2  mm. 

We  carlied  out  a  separate  chemical  analysis  for  the  soluble  and  insoluble  portions  of  the  product.  For  the 
analysis  of  the  soluble  borides,  in  order  to  eliminate  the  possibility  of  the  loss  of  gaseous  products,  the  decomposition 
■ivith  nitric  acid  was  carried  out  in  sealed  glass  tubes  at  150®  for  48  hours.  The  insoluble  borides  were  converted  to 
the  soluble  form  by  fusion  with  carbonates  mixed  with  sodium  nitrate. 

Boron  was  determined  volumetrically  by  titration  with  0.1  N  Ba(OH)j  in  the  presence  of  mannitol;  magnesium 
was  determined  by  the  pyrophosphate  method  after  removal  of  HsBOg.  Free,  uncombined  magnesium  was  determined 
by  vacuum  distillation  at  450®. 

The  specific  gravity  of  the  finely^ground  (-"100»)i)  pKmdered  borides  was  determined  pyhnometrically  in 
benzene. 


TABLE  1 

Phase  Composition^  of  the  Reaction  Products  of  Magnesium  and  Boron 


Molar  ratio 


Reaction 

temperature 


Phase  composition  oh  basis  of  X-ray  data 


2:1 

3:2 

1:1 

3:4 


1:2 


1:4 


1:6 


TABLE  2 


MgBj  +  considerable  quantity  of  magnesium 
A+  B 

MgB{4  Mg  contamination 

Magnesium  +  uaces  of  MgBj 
MgBj+  magnesium  contamination 
MgBj 
A  +  MgBj 
A  +  traces  of  MgB2 
A+  B 
C 

A 

A 

A 

C 

Dispersed  line  MgBj^  boron  line 
A 
B 


Phase  Composition  of  the  Thermal  Decomposition  Products  of  MgBJ 


Calcination 

temperature 

Length  of  time 
of  calcination 
(hours) 

Percent  Insoluble 
residue  in  calcina¬ 
tion  products 

1  Phase  composition  of  pro¬ 
duct  on  basis  of  X-ray 

data 

00 

o 

o 

0 

2 

6.2 

MgBj 

900 

4 

24.5 

MgBj  +  traces  of  boride  A 

1000 

2 

81.3 

Boride  A  +  traces  of  MgBj 

1140 

2 

86.1 

Mixtures  of  borides  A  &  B 

1200 

2 

92.6 

Boride  C 

1300 

2 

- 

Boride  C 

1400 

2 

Boride  C 

1500 

4 

( in  vacuo) 

■ 

Boride  C 

Phase  anah^is  of  the  reaction 
products  of  magnesium  and  boron. 

An  X-ray  investigation  of  the  reac¬ 
tion  product's  of  magnesium  and 
boron  virith  Mg  to  B  molar  ratios  of 
2:1,  3:2.  1:1,  1:2.  1:4.  1:6  and  at 
temperatures  from  800  to  1200®, 
showed  that  the  i^ase  composition 
of  the  reaction  products  in  the  ex¬ 
periments  ^th  2-hout  heating 
(Table  1),  depends  almost  exclu¬ 
sively  on  the  reaction  temperature, 
and  not  on  the  ratios  of  the  com¬ 
ponents  of  the  charge. 

The  visible  reaction  between 
magnesium  and  boron,  during  which 
±e  dibortde  phase,  MgBj,  was  al¬ 
ways  produced  at  low  temperatures, 
began  at  a  temperature  of  720  +  20® 
C.  At  elevated  reaction  tempera  - 
tures,  new  leases,  designated  as  the 
A,  B  and  C  phases,  formed  one  after 
the  other,  and  were  characterized, 
as  willbe  seen  later ,  by  elevated 
boron  contents.  From  the  data  of 
Table  2,  it  is  obvious  that  this  is 
connected  with  the  thermal  decom¬ 
position  of  MgBj. 

The  phase  compositions  of  the 
d  ifferent  reaction  products  of  Mg 
with  B  are  characterized  by  the  X- 
ray  photograph  presented  in  Fig.  1 
[see  plate,  page  607].  The  data  of 
Table  2  show  the  extraordinary 
thermal  stability  of  j^ase  C.  vihch 
will  be  considered  in  greater  detail 
below. 

The  boride  of  Mgg,'c6tiipcisfc^ 
tion.  Magnesium  dibwide  is  a  dark- 
cinnamon  colored  powder,  the  spec¬ 
ific  gravity  of  which  varies  from 
2.48  to  2.67  at  20®.  depending  on 
its  insoluble  residue  content.  It  is 


decomposed  slowly  by  water,  but  very  vigorously  by  acids,  with  the  evolution  of  boron  hvdrides.  By  treatment  with 
hot  HCl,  magnesium  diboride  is  completely  dissolved,  yielding  from  0.8  to  of  die  total  quantity  of  boron  as 
gaseous  boron  hydrides.  Simultaneously,  about  2  moles  of  hydrogen  to  1  mole  of  MgB2(2.11-2.12  moles  found  ex¬ 
perimentally)  are  evolved,  which  agrees  with  the  data  of  Travers  and  Ray  [11].  This  provides  a  basis  for  assuming 
the  validity  of  the  equation  proposed  by  diese  authors  for  die  hydrolysis  of  magnesium  boride: 

MgBjf  3Hp=  MgOHlj-r  Bp+  2Hj. 

Magnesium  diboride  is  a  product  of  the  rearrion  of  Mg  with  boron  at  relatively  low  temperatures.  Thus, 
traces  of  it  were  observed  for  the  first  time  by  X-ray  in  mixtures  of  Mg  and  B,  calcined  at  600',  The  most  favor¬ 
able  temperature  for  the  formation  of  MgBj  is  about  800',  for  which  it  is  desirable  to  have  an  excess  of  Mg  in  the 
charge  or  to  use  a  briquetted  charge,  because  of  the  high  volatility  of  Mg. 


TABLE  3 

Results  of  Experiments  on  the  Distillation  of  Free  Magnesium  from 
Products  of  Different  Composition 


Sam  '  Mg*. B  ratio  present  ' 
pie  ■  in  the  charge  j 

i 

Distilled  free  Mg 
['^0  of  sample) 

Theoretical  excess  of  magnesium  > 
(7o)  from  calculation  of  the  compo  - 
sition  of  the  components 

Phase  composition  of  the 
agglomerates 

1  M  ! 

32,4 

34.6  1 

] 

2  3:4 

25.7 

26.5 

(MgB2+  metallic  magnesium 

3  3:2 

52.8 

51.5 

) 

4  Boride,  according  to 

Stock,  obtained  from 
B2pj+  Mg 

MgB2,  Mg  and  MgO 

5  [  1:2 

0.0 

0.0 

MgBj 

At  this  temperature  we  can  obtain  the  boride  containing  no  more  than  2-5^o  of  insoluble  residue  which  consists 
of  an  excess  of  boron  mixed  with  other  insoluble  borides. 

The  maximum  temperature  for  the  existence  of  MgBj  is  below  1050*.  since  no  MgBj  lines  were  observed  for 
samples  calcined  at  this  temperature. 

The  data  of  Table  1  also  show  that  all  the  products  obtained  with  Mg  to  B  ratios  larger  than  1:2  yield  unaltered 
MgBj  and  an  excess  of  free  magnesium,  i.e.,  that  no  magnesium  btnide  containing  more  than  1  atom  of  magnesium 
to  2  atoms  of  boron  exists.  This  is  also  confirmed  by  Table  3,  in  which  data  are  given  for  the  vacuum  distillation  of 
the  excess  of  magnesium  from  the  agglomerates  obtained  at  800”. 


TABLE  4 

Data  on  the  Composition  of  Magnesium  Diboride  Samples 


MgBj  lines  were  also  observed  in  samples  of  mag  ' 
nesium  synthesized  by  Stock  [6,  7 J,  which  were  obviously 
mixtures  of  magnesium  diboride  and  metallic  magnesium. 

The  chemical  composition  of  the  magnesium  di¬ 
boride  phase  was  confirmed  by  analysis  of  the  purest 
samples  of  it  (Table  4).  if  we  allow  for  the  possible 
accuracy  of  the  boron  determinations  (dieoretically, 
there  should  be  53.0*^  Mg  and  47.0°^  B  in  MgBj). 

The  structure  of  magnesium  diboride  was  deter¬ 
mined  from  powder  photographs,  and  was  characterized 

by  the  following  data:  hexagonal  system,  £=  3.079 jn  0.001  kx.  c  =  3.512+  0.001  Qfa=  1.141  or  in  angstroms, 

&  =  3.085  A,  c  =3.519  A  (according  to  the  photograph  in  the  VRS  chamber  with  a  NaCl  standard,),  the  spatial  group 
Dg“CVmmm,  number  of  molecules  in  nucleus  —1,  dj{-j|iy-=  2.63  g/cm*.  The  structure  was  of  the  AlBj  type,  and 
consisted  of  a  trihedral  prism  of  Mg  atoms,  with  a  boron  atom  in  the  center.  The  base  of  the  nucleus*.  Mg  (000), 


Sam-| 
pie  ' 

1  Insoluble 
:  residue  C’lo) 

1  Per  cent  content 

Mg 

B 

°lo  Mg  +*^08 

i 

6 

1 

1.5 

51.5 

47.2 

52.0 

7 

.  5.2 

48.8 

45.8 

51.6 

8 

6.2 

50.6 

48.2 

53.9 

9 

6.0 

52.6 

44.6 

54.1 

“(ill- 


The  distance  between  adjacent  Mg  atoms  of  a  single  layer  was  3.08  A,  the  distance  between  the  Mg  atoms  of 
adjoining  layers  was  3.52  A,  the  Mg~B  distance  was  2.50  A,  and  the  B-'B  distance  was  1.78  A. 
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The  good  agreement  of  the  observed  and  calculated  interplanar  distances  and  line  intensities  (Table  5)  con¬ 
firmed  the  validity  of  the  structure  found.  The  results  obtained  also  agreed  vrtth  the  data  of  other  authors  [12,  13J. 


TABLE  5 

rxncriijcntal  and  Calculated  Interplanar  Distances  and  Line  Intensities  of  the  Powdei  Photographs  of  MgB2 


hkl 

^calc. 

hkl 

d/nobsd, 
(in  kx) 

d/ncalc. 

( in  kx) 

^obsd. 

^calc. 

001 

— 

3.53 

3.512 

— 

<5 

8 

200 

1.334 

1.333 

5 

4 

100 

2.668 

2.667 

25 

29 

201 

1.2462 

1.2465 

20 

20 

101 

2.122 

2.124 

100 

100 

003 

- 

1.1707 

0 

<1 

002 

1.756 

1.756 

10 

13 

112 

1.1574 

1.1877 

25 

31 

110 

1.539 

1.539 

30 

24 

103 

1.0718 

1.0719 

15 

24 

102 

1.466 

1.467 

10 

10 

202 

1.0619 

1.0619 

5 

7 

111 

1.409 

1.410 

5 

3 

120 

1.0078 

1.0079 

10 

17 

Thus,  magnesium  diboride  belongs  with  the  extremely  vrtdespread  group  of  the  diborides  of  other  metals  [14], 
particularly  of  the  transition  metals  Zr,  Ti,  Nb,  Ta,  V,  Cr,  Mo,  W,  which  have  atomic  radii  values  close  to  that  of 
magnesium  (a  ratio  of  ra/rj^^g  in  the  limits  of  0.56-0.66').  However,  we  should  point  out  the  great  chemical  activity 
of  MgBj  in  comparison  with  that  of  die  diborides  named,  of  which  only  ZrBj,  as  is  known,  also  is  decomposed  by  HCl 
vnth  the  evblution  of  boron  hydrides  [15],  and  also  in  comparison  with  aluminum  diboride,  of  which  an  extremely 
high  chemical  inertness  is  characteristic. 

Insoluble  magnesium  borides.  By 
X  ray,  3  phases  of  insoluble  magnesium 
borides  were  observed  which,  in  contrast  to 
MgBj,  changed  neither  in  composition  nor 
in  weight,  even  on  prolonged  treatment  in 
HCl.  Ordinarily  the  insoluble  borides  were 
obtained  in  mixtures  with  other  boride 
phases.  Thus,  boride  A,  if  it  is  obtained  at 
a  temperature  no  higher  than  1050',  is 
accompanied  by  some  quantity  of  MgB2, 
boride  B  is  often  obtained  in  mixtures  with 
boride  A,  and  only  boride  C  contains  no 
other  boride  phase,  except  for  impurities 
of  free  boron. 

Because  of  the  complexity  of  the 
X-ray  photographs  and  the  absence  of 
monocrystals  of  the  higher  borides,  the  cry¬ 
stalline  structures  of  these  compounds  were 
not  elucidated. 

Their  chemical  composition  also  cannot  be  established  very  accurately  because  of  the  probable  presence  in 
each  sample  of  a  certain  amount  of  free,  elementary  boron,  which  was  analytically  impossible  to  determine  separ¬ 
ately,  and  could  be  identified  only  hypothetically  by  X-ray  analysis.  Nevertheless,  the  presence  of  the  three 
specified  phases  was  confirmed  by  many  X-ray  analyses  both  on  samples  obtained  by  direct  synthesis  from  the  ele¬ 
ments  at  suitable  temperatures,  and  on  the  thermal  decomposition  products  of  both  MgB2  and  phase  A  (Fig.  1  [see 
plate,  page  607]). 

The  phase  A  boride.  The  temperature  region  for  the  existence  of  the  phase  lies  between  900  and  1150', 

This  phase,  after  removal  of  the  MgB2  impurity  (solution  in  HCl),  was  a  dark-cinnamon  colored  powder  with  a 
d®  2.45.  The  X-ray  photograph  data  for  it  are  presented  in  Table  6. 

The  magnesium  content  in  individual  samples  of  this  phase,  for  which  lines  for  elementary  boron  were  observed 
in  a  series  of  X-ray  photographs,  varied  from  19  to  32.5P!o.  The  latter  circumstance  and  also  the  fact  that  a  higher 
per  cent  of  magnesium  was  contained  in  samples  obtained  from  compositions  made  up  for  the  charges  with  excc^.  of 


Interplanar  Distances  and  Line  Intensities  of  the 
Powder  Photograph  of  Phase  A 


d/n 
( in  kx) 

I  • 

d/n 
( in  kx) 

I 

d/n 
(in  kx) 

I 

d/n 
( in  kx) 

I 

4.17 

V. 

1.89 

Wk. 

1.389 

Wk. 

1.158 

Wk. 

3,78 

Wk. 

1  86 

Av, 

1.343 

V,  Wk. 

1,144 

Av. 

3.08 

Wk. 

1.83 

Av. 

1.321 

Str, 

1.123 

Wk. 

2.72 

Wk. 

1.76 

Wk. 

1.310 

Str. 

1.098 

Av. 

2.52 

V.  str. 

1.71 

Wk. 

1.300 

Wk. 

1.081 

Av. 

2.32 

Sir. 

1,69 

Wk. 

1.270 

Wk. 

1.068 

Str. 

2.26 

Av,  . 

1.63 

Str. 

1.260 

Wk. 

1.061 

Wk. 

2.20 

Sir. 

1.60 

V.  Wk, 

1.253 

Wk. 

1.048 

Str. 

2.16 

Av. 

1.58 

Wk. 

1.219 

Wk. 

1.045 

Wk. 

2.05 

V.  Wk. 

1.53 

Str. 

1.203 

V.  Wk, 

1.026 

Str. 

2.01 

Av. 

1.451 

Av. 

1.166 

Av. 

1.016 

Wk. 

1.96 

Str. 

1.420 

Av. 

•  All  the  abbreviations  given  are  decoded  as*.  W.  wk.=  very  weak.  Wk.  =  weak.  Av.  =  average,  Str.  =  strong,  V.  str.  = 
very  strong. 
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magnesium  ^enables  us  to  assume  that  phase  A  corresponds  in  composition  to  MgB  (theoretically  there  should  be 
27.2Pfo  Mg  and  72.8^o  B).  The  depressed  magnesium  content,  as  compared  with  the  theoretical,  in  many  samples 
containing  this  phase,  is  probably  explained  by  the  low  thermal  stability  and  the  loss  of  magnesium,  as  a  result  of 
its  volatility,  which  is  accompanied  by  the  evolution  of  an  excess  of  boron  in  elementary  form. 


TABLE  7 

Experiments  on  the  Synthesis  of  Boride  A 


Sam 

pie 

Mg;B  ratio  in 
original  mixture 

Calcination 

temperature 

Duration' 
of  calcination 
( hours) 

Phase  com¬ 

position  of 
product 

Remarks 

1 

Thermal  decom- 

1000° 

3 

32.5 

position  of  MgB^ 

1 

t 

2 

1:4 

1000 

2.5 

24.5 

1 

3 

1:4 

1050 

2 

24.0 

^  A 

Briquetted  charge 

4 

1:4 

1050 

2 

21.9 

i 

5 

1:4 

1080 

0.5 

27.6 

6 

1:6 

1040 

2 

18.8 

,A  *  elemen 

7 

1:6 

1000 

3 

19.4 

tary  boron 

8 

1:4 

1060 

2 

23.1 

1 

Experiments  carried 

9 

1:4 

1140 

3 

27.8 

>  A 

out  in  a  hydrogen 

10 

1:6 

1120 

3 

24.0 

>’  atmosphere  in 

11 

1:6 

1030 

3 

22.3 

graphite  test  tubes. 

placed  in  tightly 

sealed  steel  bombs. 

On  the  other  hand,  the  fact  that  phase  A  corresponds  to  the  composition  MgB^,  and  not  MgB^,  as  Russell,  Hirst. 
Kanda  and  King  [12]  wrote,  is  confirmed,  in  the  first  place,  by  complete  analyses  of  the  purest  samples  of  this  boride, 
obtained  also  for  a  Mg*.B  ratio  equal  to  1:4,  and  given  in  Table  8,  and  in  all  the  experiments  carried  out  with  these 
latios,  we  also  observed  a  greater  separation  of  metallic  magnesium  in  comparison  with  experiments  involving  a 
Mg:B  ratio  of  1:6. 


TABLE  8  . 

Analysis  of  the  Purest  Samples  of  Boride  Phase  A 


Sam- 

1  Per  cent 

Total  percent  of 

pie 

Mg 

B 

Si 

£Fe+  A1 

components  found 

8 

23.1 

73.6 

0.2 

1.4 

98.3 

5 

27.6 

i  69.4 

0.2 

0.8 

98.0 

Furthermore,  in  special  experiments  (8 -ll) 
carried  out  in  tightly  sealed  steel  bombs,  i.e.. 
under  conditions  preventing  the  loss  of  magnesium, 
the  product  which  was  insoluble  in  HCl  contained 
in  all  cases  a  percentage  of  magnesium,  which  was 
either  practically  equal  to,  or  lower  than  that  car  * 
responding  to  the  ftnmula  MgB^.  On  the  basis  of  the 
data  cited  we  may  confidently  write  the  formula 
MgBf  for  phase  A. 


It  should  be  added  that  the  boride  MgBf  is  completely  converted  to  MgBj  on  heating  at  800°  with  an  excess  of  Mg. 


The  boride.  MgBj.  is  extremely  stable  toward  dilute  HCl  [thus,  on  boiling  in  HCl(ltl)  for  80  hours  only  O.OlO'fo 
of  B  is  converted]:  it  is  decomposed  slowly  by  hydrogen  peroxide  and  nitric  acid. 


Phase  B,  Phase  B  gives  an  X-ray  photograph  so  different  from  the  X-ray  photograph  of  phase  A  (Table  9)  that 
it  is  impossible  that  it  jjertains  to  any  admixture  containing  the  latter,  although  the  area  of  its  existence  was  found 
to  be  at  almost  the  same  temperature  limit  as  that  for  phase  A.  The  powder  containing  this  j^ase  is  of  a  dark -cinna¬ 
mon,  almost  black  color  and  d^  2.47.  This  phase  is  obtained  at  a  temperature  from  1100  to  1200”,  but  above  1200* 
it  decomposes  with  the  separation  of  phase  C. 


The  analysis  of  the  purest  samples  of  this  phase,  which  were  not  contaminated  by  phase  A,  as  determined  by 
X-rays,  is  presented  in  Table  10. 

On  the  basis  of  the  data  obtained,  it  is  as  yet  difficult  to  attribute  ahy  definite  composition  to  phase  B. 

Phase  C.  This  high-temperature  phase  of  magnesium  borides  is  extremely  stable  thermally.  It  is  obvious  &om 
the  data  of  Table  2  that  it  is  stable  even  on  prolonged  heating  in  vacuo  at  1500°.  This  indicates  the  individuality  of 
phase  C. 
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TABLE  9 


Interplanar  JDista^ces  and  Line  Intensities  of  the  X-ray  Photograph  of  Phase  B  , 


'd/rffirtkic)' 

r 

d/ri  (  fh  kx) 

I 

d/n  ( in  kx) 

I 

7.27 

Wk, 

2.52 

V.  v^. 

1.68 

Wk. 

6.43 

Av. 

2.42 

Sti. 

1.60 

Wk. 

3.55 

Av. 

2.32 

Av. 

1.413 

Wk, 

3.38 

Av. 

2.18 

Str. 

1.284 

Wk, 

3.22 

Wk. 

1.78 

Wk. 

1.234 

V.  wk. 

2.71 

Av. 

1.75 

Wk. 

L224 

V.  wk. 

TABLE  10 


Data  on  the  Composition  of  Boride  Phase  B 


Sam- 

Method  of  production 

1  Composition  (%) 

Total 

Phase 

pie 

■» 

B 

Si 

Fe  r  A1 

(7o) 

composition 

1 

Thermal  decomposition  of  MgB2  at  1100*  for  3  hrs. 

19.4 

76.0 

0.1  . 

j  0.6' 

96.1 

Phase  B 

2 

Thermal  decomposition  of  MgB2  at  1150*  for  3  hrs. 

19.8 

76.7 

0.5 

0.7 

97.7 

Phase  B,  well 
formed 

3 

Thermal  decomposition  of  MgB2  at  1200*  for  3  hrs. 

14.0 

80.1 

0.4 

0.7 

95.2 

P  base  B  + 
lines  of  phas? 

i 

Synthesis  with  a  ratio  of  Mg:B  =  1*.2  at  1050°  for 

30  hours. 

23.0 

P  base  A  + 
phase  B 

^  1 

Thermal  decomposition  of  MgB2  at  1200*  for  3  hrs. 

19.8 

1  1 

1 

— 

Phase  B 

The  powder  of  this  phase  also  is  of  a  dark -cinnamon  color  and  d^  2.440.  The  decomposition  of  this  boride 
occurs  with  the  evolution  of  elementary  boron  and  with  the  elimination  of  metallic  magnesium  only  at  a  tempera¬ 
ture  above  1700"., 

TABLE  11 


Data  on  the  Composition  of  Boride  Phase  C 


Expt. 

No. 

Conditions  of  production  of  the  boride 

Phase  composition 

Remarks 

i 

iisn 

B 

1. 

Synthesis  with  a  1:6  ratio  at  1200°,  . 

15.4 

8  2.0 

P  base  C  +  indistinct  line  of 

•  Experiment  with  | 

2.5  hours 

boron 

briquetted  charge  ! 

2 

Thermal  decomposition  of  MgBj  at  1230’,^ 

12.7 

8  2.0 

t 

\ 

for  1  hour  J 

}  Phase  C 

i 

3 

1 

14.8 

8  3.5 

) 

I 

4 

Thernul  decomposition  of  MgBj  at  1380° 

15.0 

81.3 

> 

i 

i 

for  1  hour 

i 

1 

5 

Thermal  decomposition  at  1300*  for  1 

13.6 

81.6 

i 

I 

hour 

1 

i 

6. 

The  same  at  1200* 

15.0 

80.9 

>  Phase  C  and,  perhaps,  ad- 

7 

"  "  1300 

15.0 

8  2.2 

j  mixture  of  elementary 

1 

8 

"  ”  1400 

14.8 

81.4 

boron 

1 

9 

"  ’  1470 

13.8 

8  3.3 

J 

10 

""  "  1700 

0.9 

9  6.6 

^  Pure  boron 

Experiments  in  1 

11 

'  "  1900 

0.4 

97.8 

vacuum  furnace  -» 

The  boride  phase  C  was  produced  only  at  a  temperature  above  1200",  with  any  ratio  of  components,  and  also 
by  die  thermal  decomposition  of  MgBj  and  MgBj.  From  the  data  of  Table  8  it  is  obvious  that  the  composition  of  this 
phase  corresponds  very  closely  to  die  formula  MgBu ( theoretically  there  should  be  15.8^  Mg  and  84.97o  B). 

For  all  samples  of  this  phase,  we  obtained  the  same  X-ray  photographs  (Fig.  2  and  Table  12),  part  of  the  lines 
being  identical  to  the  X-ray  photograph  of  boron,  obtained  by  the  discharge  reduction  of  BClj  with  hydrogen  [M,  17] 
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(i.e.,  the  purest  samples  of  boron),  and  being  completely  identical  to  the  X-ray  photographs  of  impure  Moissan  boron. 
On  some  of  the  X-ray  photographs  we  observed  only  one  superfluous  line,  obviou^y  due  to  admixture. 


TABLE  12 


l.iterplanar  distances  and  Line  Intensities  of  Phase  C 


’d/'  a'fW  kk)  ■  ' 

'  T 

jd/h  {in  kx) 

I 

d/n  fin  kx) 

I 

3.88 

Wk. 

2.16 

Wk. 

1.48 

Wk. 

2.82 

Av. 

2.05 

Av. 

1.42 

Av. 

2.60 

Av. 

1.95 

Av. 

1.37 

m. 

2.40 

Wk. 

1.84 

Av. 

1.34 

Av. 

2.34 

Str. 

1.77 

Str. 

1.30 

Wk. 

2.24 

/  .  Av. 

1.55 

V.  vdt. 

1.27 

Wk. 

The  X-ray  dau  obtained  showed 
that  {^laseC  is  precisely  the  difficulty 
decomposable  boride  admixture  indicated 
by  Moissan  [18]  in  his  time.  This  phase 
was  also  observed  in  the  X-ray  photograj;^ 
as  a  contaminant  of  purified  Moissan  boron. 

As  to  the  composition  of  phase  C, 
it  is  very  likely  that  it  conesponds  to 
the  formula  M^^  although  not  ex¬ 
clusively,  since  part  of  the  boron  in  this 
phase  is  in  the  eleiiienrary  form. 


Phase  C  has  a  strongly  expressed  chemical  stability  toward  acids.  Thus,  on  boiling  with  HCl  (Itl)  for  100  hours, 
no  quantity  of  Mg  and  B  sufficient  for  analysis  had  been  converted  to  the  soluble  form.  Hydrogen  peroxide  and  nitric 
acid  decompose  it  slowly,  even  on  boiling.  The  most  suitable  method  for  the  decomposition  of  this  boride  is  fusion 
with  carbonates  and  alkalies. 


A  probable  mechanism  of  the  reduction  of  boric  anhydride  bv  metallic  magnesium.  The  process  of  obtaining 
amorphous  boron  by  the  Moissan  method  includes  die  reduction  of  a  3-fold  excess  of  boric  anhydride  by  metallic 
magnesium,  preferably  in  an  inert  atmosphere.  An  excess  of  boric  anhydride  is  used,  in  die  first  place,  for  the  purpose 
of  creating  a  liquid  phase  to  prevem  die  oxidation  of  the  strongly  heated  reaction  products  by  the  air;  in  die  second 
place,  it  is  used  for  the  purpose  of  destroying  the  stable  magnesium  btxides  forming. 

From  the  experiments  made  for  die  purpose  of  obtaining  magnesium  boride,  by  the  reduction  of  BP|  vtddi  an  ex¬ 
cess  of  magnesium,  die  primary  reaction  product  was  M^(  Table  3). 


MgBj  was  obtained  &om  the  highly  exothermic  reaction  Bp^-i-  4Mg  MgB2+  3MgO.  The  exothermicity 
of  diis  reaction  depended  not  only  on  the  exothermicity  of  die  process  of  reduction  of  BPj,  but  also  on  the  large  evo¬ 
lution  of  heat  during  the  formation  of  MgB2  &om  die  elements;  therefore,  only  MgBj  could  be  the  primary  product 
of  die  reduction  of  B^. 

However,  since  diere  are  onJLy  traces  of  M^^  ^  products  of  die  reduction  of  B^^  by  magnesium  in  an  ' 
excess  of  boric  anhydride,  and  on  the  contrary,  since  die  lines  of  boride  phase  C  (MgBjj)  were  observed  for  boron  ob¬ 
tained  after  acid  treatment,  it  should  be  assumed  that  MgBj  reacts  with  an  excess  of  B/}^,  according t)  the  scheme: 

7MgB2  6MgO -i-  6B. 

Actually,  'crude"  Moissan  boron  (i.e.,  subjected  to  only  a  brief  treatment  for  dissolving  the  excess  BjDj  and 
MgQ),on  die  basis  of  literature  data  [18],  and  also  acccnding  to  die  data  from  chemical  analyses,  contains  from  8  to 
ISf^  Mg.  i.e.,  if  one  takes  the  maximum  content  of  Mg  as  the  quantity  close  to  the  content  of  Mg  in  MgStj-i-  6B  (the 
right-hand  part  of  the  equation).  It  is  evident  from  die  X-ray  photograph  6  in  Fig.  2  [see  plate,  page  607  ]  that  this 
corresponds  to  the  fact  that  the  phase  composition  of  "crude”  Moissan  boron  is  almost  identical  to  the  composition 
of  boride  {diase  C,  and  contains  only  elementary  boron  as  an  impurity. 

The  reaction  between  B/)|  and  MgBj  is  probably  either  slightly  exothermic,  or  even  endothermic,  and  there¬ 
fore  preliminary  heating  of  the  charge  is  necessary.  The  stability  of  boride  phase  C  toward  acids  accounts  for  the 
generally  well-known  difficulty  of  purification  of  curde  bortm  by  acid  trea  tment.  Actually,  according  to  a  number 
of  literatiure  sources,  the  production  of  amoridious  boron  with  a  B  content  above  90-93f^  is  an  exceedingly  difficult 
problem  [16,  19]. 


Moissan  overcame  this  obstacle  by  fusion  of  the  crude  boron  with  a  50 -fold  quantity  of  boric  anhydride,  thus 
increasing  the  boron  content  to  98^o  by  decomposition  of  the  boride. 

Naturally,  he  did  not  exclude  die  possibility  that  during  die  highly  exothermic  reduction  of  BPs  by  magnesium 
there  also  occurs  a  successive  decomposition  of  the  initially  formed  lower  borides  to  the  higher  borides.  The  brevity 
of  the  reaction,  however,  does  not  permit  us  to  attribute  any  substantial  role  to  these  processes.  According  to  the 
data  of  Stock,  the  jxocesses  can  be  of  known  value  in  the  production  of  magnesium  boride,  and  die  optimum 
Mg:B/)3  ratio  favorable  for  producing  boron  hydrides  should  be  chosen,  because  at  too  high  a  reaction  temperature 
die  boride  is  {xoduced.  giving  a  low  yield  of  boron  hydrides. 

The  audiors  thank  A.  G.  Petrov  for  his  assistance  in  canying  out  the  work. 
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SUMMARY 


1.  Asa  result  of  the  Investigation  of  the  system  Mg^B.  the  presence  of  four  boride  phases  was  demonstrated, 
namely,  a  hexagonal  MgBj  i^iase  of  the  AlBj  structural  type,  and  diree  other  phases  A,  B  and  C,  tlte  structures  of 
which  have  not  as  yet  been  established. 

2.  It  was  shown  that  magnesium  diboride  is  an  exceedingly  active  product  chemically,  and  on  decomposi- 
tion  with  water  and  acids  it  yields  boron  hydrides.  The  thermal  stability  of  MgB2  is  low,  and  on  heating  to  high  tem¬ 
peratures,  it  in  turn  decomposes  into  boride  phases  A,  B  and  C  with  the  separation  of  Mg. 

3.  We  established  die  temperature  limits  of  die  existence  of  these  phases,  and  also  their  chemical  com¬ 
positions.  In  particular,  it  was  shown  that  the  composition  of  phase  A  is  close  to  MgB«,  and  the  composition  of  phase 
C  is  close  to  MgBi2- 

4.  Bnide  phase  C  is  characterized  by  a  high  chemical  and  thermal  stability,  and  dissociates  only  at  tem¬ 
peratures  above  2000*.  This  phase  was  also  observed  in  all  the  samples  of  boron  Moisson  studied. 

5.  On  the  basis  of  the  data  obtained,  preliminary  considerations  concerning  the  possible  mechanism  of  die 
reduction  of  B/)|  by  metallic  magnesium  were  expressed. 
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REACTIONS  OF  NITRATES  AND  NITRITES  OF  METALS  OF  THE  FIRST  AND  SECOND 


GROUPS  OF  THE  D.  I.  MENDELEEV  PERIODIC  SYSTEM  IN  MELTS 
XVni.  INVESTIGATION  OF  THE  TERNARY  SYSTEM  OF  LITHIUM,  RUBIDIUM  AND  SILVER  NITRATES 

P.  I.  Protsenko  and  L.  M.  Klparenko 


The  present  work  contains  the  results  of  an  experimental  investigation  of  the  ternary  system  of  lithium, 
rubidium  and  silver  nitrates,  and  is  a  continuation  of  the  systematic  smdy  of  the  interaction  in  binary  and  ternary 
systems,  composed  of  melts  of  the  nitrates  of  metals  located  in  the  first  and  second  groups  of  the  D.  L  Mendeleev 
table. 

In  this  ternary  system  we  considered  the  interaction  in  melts  of  the  nitrates  of  those  metals  of  the  first  group, 
the  ims  of  which  have  bodi  noble  gas  electrtm  shells  (lithium  and  rubidium)  and  base  metal  electron  shells  (silver). 

The  ions  of  the  metals  indicated  differ  sharply  from  one  another  in  their  capacity  for  coordination,  which  is  observed 
very  well  from  die  point  of  view  of  polarization  concepts.  Thus,  Kriiium  ion,  compared  with  the  ions  of  die  other 
alkali  metals,  after  beryllium  and  magnesium,  promotes  the  formation  of  the  largest  ionic  field  strength,  equal  to  1.7, 
has  a  larger  electrical  affinity  ”•  124,  and  has  die  smallest  coefficient  of  polarizability -'0.029  £1,  21 

In  the  light  of  the  physico-chemical  characteristics  indicated,  rubidium  ion  shows  different  properties.  The 
ionic  field  intensity  created  by  it  is  less  by  a  factcx  of  more  than  3  than  that  created  by  lithium,  and  is  equal  to  0.5; 
its  coefficient  of  polarizability  is  about  50  times  larger,  and  its  electrical  affinity  is  considerably  smaller,  dian  that 
of  die  lithium  ion,  and  diey  equal  96  and  124,  respectively  [1,  21 

It  is  unfortunate  that,  because  of  the  absence  of  data  in  the  literature,  analogous  quantitative  characteristics 
cannot  be  cited  for  silver  ion. 

However,  it  is  known  that  die  energy  of  formation  of  this  ion,  obtained  from  die  energy  of  ionization  and  the 
energy  of  sublimation,  is  very  large,  and  that  silver  ion  ranks  close  to  the  metals  ctf  the  platinum  group  in  its  capacity 
for  complex  formation. 

Proceeding  from  the  pretnises  stated,  we  were  interested  in  considering  die  ternary  combinatimi  of  the  com¬ 
ponents,  and  in  investigating  the  mutual  effects  and  chemical  actions  among  diem  in  melts.  This  is  important  because 
in  melts,  in  the  absence  of  water  as  a  solvent,' the  possibility  of  hydrate  formation  is  eliminated,  and  consequently, 
one  of  the  factors  complicating  the  study  of  die  chemical  transformation  is  removed. 

EXPERIMENTAL 

Binary  systems.  1.  The  system  silver  nitrate  “rubidium  nitrate  was  studied  by  A.  P.  Palkin  [31  according 
to  whose  data  the  components  of  the  system  form  two  compounds:  RbNOs  •  AgNOj,  melting  widiout  decomposition 
at  139.5”,  and  the  compound  2RbNOg  'AgNO^  melting  wldi  decomposition  at  141°.  A  duplicate  investigation  of  this 
system  cohfirmed  her  general  view,  but  with  some  differing  data.  Thus,  according  to  our  data,  die  melting  point  of 
the  chemical  compound  RbNOs  >  AgNO^  is  134°,  and  the  decomposition  temperature  of  the  chemical  compound 
2RbNOi  -AgNO,  is  147*  (Fig.  1). 

2.  N.  A.  Puschin  and  M.  Radcmicic  [4]  investigated  the  structural  diagram  of  the  binary  system  lithium 
nitrate  “rubidium  nitrate.  The  repetition  diat  we  canied  out  confirmed  their  data.  The  components  of  the  system 
formed  the  chemical  compound  LiNO^  *  RhNO^,  the  melting  point  of  whicl)  according  to  our  data,  is  193°*  (Fig.  1). 

3.  The  structural  diagram  of  the  binary  system  lithium  nitrate  “silver  nitrate  was  investigated  by  A.  P.  Palkin 
£5],  according  to  whose  data  die  components  of  the  system  form  a  simple  eutectic,  with  no  indications  of  the  formation 
of  solid  soluticHi;  we  also  confirmed  this  (Fig.  1). 

The  ternary  system.  According  to  the  fusibility  diagram  of  the  binary  system,  one  should  expect  confirmation 
of  the  chemical  interactions  among  the  components  of  a  ternary  system  also;  it  could  occur  in  this  way%  there  would 
be  an  intensification  or  an  abatement  of  the  chemical  affinity  under  the  influence  of  a  new  medium  (die  third  com- 

*  It  was  191*  according  to  the  data  of  N.  A.  Puschin  and  M.  Radoni^ic. 
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ponent),  and  in  connection  with  this,  die  appearance  inside  the  ternary  system  of  both  and  area  of  crystallization  of 
the  pure  components  and  an  area  of  crystallization  of  die  chemical  compounds  “LiNOs*  RbNOs,  RbN03*  AgN03, 
2RbN03*  AgN03,  and  also  the  appearance  of  polymorphism,  inherent  in  the  present  case,  in  the  nitrates  of  silver  and 
rubidium. 

The  distributions  and  directions  of  all  fourteen  of 
the  sections  in  the  triangle  are  shown  in  Fig.  2,  and  the 
fusibility  curves  of  these  sections  are  presented  in  Figs,  3-7. 
The  compositions  of  the  transition  points  for  the  ternary  sec¬ 
tions  and  the  melting  points  of  the  mixture  of  components 
corresponding  to  these  points,  are  recorded  in  the  table. 

A  detailed  investigation  of  the  sections  enabled 
us  to  plot  a  projection  of  the  isotherms  of  the  three-dimen¬ 
sional  structural  diagram  onto  a  basic  diagram.  The  iso¬ 
therms  were  measured  for  each  20*,  except  that  in  the 
area  of  crystallization  of  the  compi^runds  2RbN03*  AgN03 
and  RbN03*  AgN03  diey  were  measured  for  each  10".  The 
isotherms  passing  through  the  areas  of  crystallization  of 
rubidium  nitrate  were  extropolated  (Fig.  8),  begiiming  from 
the  230*  isotherm  and  above. 


Fig.  1.  Binary  systems.  1)  RbN03“AgN03;  2)  LiN03“'  It  is  evident  from  a  projection  of  the  liquidus  area 

'~AgN03’,  3)  LiN03'~RbN03.  (Ffg*  8)  that  the  ternary  system  of  lithium,  rubidium  and 


silver  nitrates  is  a  rather  complex  system.  The  system  is 
Note;  The  letters  with  the  section  number  show  the  compositions  of  die  transition  points: 
a  -  fir>t;  b  -  second;  c  —  third. 


Section 
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chaiacterized  by  the  presence  of  six  areas  of  crystallization*.  1)  rubidium  nitrate  with  a  crystallization  area  12.256 
of  the  total  area  of  the  triangle;  2)  lithium  nitrate  41.?7o;  3)  stiver  nitrate  15.256*,  4)  chemical  compound  LiNOj*RbNOs 
22.41^,  5)  chemical  compound  AgNO,*  2RbNOj  2.8^  and  6)  chemical  compound  AgNOj*RbNOj  5.T56. 


Fig.  2.  Distribution  and  direction  of  sections  in  the 


ternary  system. 


Fig.  3.  Internal  sections.  I)  2956  LiNOs+  TS'fo  RbNOs 
AgNOj;  II)  30<7o  LiN03+  10°!o  RbNOj  -»■  AgNOjj  IE) 
5CPh  LiNOj  +  50<56  RbNOj  AgNO,. 

Corresponding  to  the  areas  of  crystallization  of 
the  pure  components  and  of  the  chemical  compounds, 
there  are  four  non-variant  points  in  the  system,  three  of 
which  are  eutectic  points  and  one  of  which  is  a  transi¬ 
tion  point. 


The  first  eutectic  point  corresponds  to  the  composition*.  47.4*56  silver  nitrate,  18.07o  lithium  nitrate,  34^ 
rubidium  nitrate  and  a  m.p.  of  103®;  the  second  “•5356  silver  nitrate,  13^0  lithium  nitrate,  34*56  rubidium  nitrate 
and  a  m.p.  of  100®,  and  the  third  —  34*56  silver  nitrate,  14*7o  lithium  nitrate,  5256  rubidium  nitrate  and  a  m.p.  of  112®. 
The  transition  point  corresponds  to  the  composition:  26.956  silver  nitrate,  ll*7o  lithium  nitrate,  62.97o  rubidium  ni¬ 
trate  and  a  m.p.  of  124®  (Fig.  2). 


Fig.  4.  Internal  sections.  IV)  SCFjo  LiNOj+  70*56  Fig.  5.  Internal  sections.  VII)  5056  LiNOs+  50*56  AgNO^ 

RbNO,  AgNOj*.  V)  197o  AgN05+  85*^  LiNOj  RbNOj*,  VIII)4a56  LiNOj+  60/o  AgNO,  RbNO,;  IX) 

RbNO,*.  VI)  30*70  AgNO,+  7056  LiNO,  RbNO,.  3056  LiNO,+  7056  AgNO,  ^  RbNO,^ 

The  (srthogonal  projection  of  die  path  of  crystallizatitm  onto  the  lidiium  nitrate  “^silver  nitrate  side  is  shown 
in  Fig.  9. 

The  compositions  of  the  three  non -variant  points  were  found  experimentally  and  verified  by  orthogonal  pro¬ 
jection  of  the  joint  crystallization  curves. 

According  to  the  data  of  N.  A.  Puschin  [4]  and  A.  P.  Rostkovsky  [6],  rubidium  nitrate  has  several  polymorphic 
transformatitnis.  The  former  author  indicated  the  existence  of  rubidium  polymorphic  modificatians  at  216  and  160.5®. 
A.  P.  Rostkovsky  found  one  more  polymorjMc  transformatfcn.  the  transition  point  of  which  vras  292®;  and  he  confirmed 
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the  previously  known  transformations  at  IG*?  and  229*.  According  lo  A.  P.  Rosikovsky's  treatise,  the  hexagonal-rhom- 
bohedral  modification  of  rubidium  nitrate  is  converted  to  ti  e  normal  syngony  at  1G6*,  but  it  is  transformed  to  the 
anisotropic  rhoinbohedr.a!  for.;:  on  heating  to  21CI.0- 119.8*.  Both  autlio;.',  secured  polpiiorphic  transformations  by 
means  of  heating  ant!  cooling  curves.  In  our  investigatwns  of  tlie  crystallization  branches  of  rubidium  and  silver  nitr¬ 
ates  in  binary  systems,  and  also  the  corresponding  sections  of  any  singular  point,  notwithstanding  tlie  evaluation  of 
N.  K.  Voskresenskaya  [7J,  in  our  opinion  the  visual -polytherinal  method  of  physico-c’aeinical  analysis  gives  consider¬ 
ably  better  data  for  liquidus  curves  of  the  salts  tlian  docs  the  method  of  !:eating  and  cooling  curves.  In  tliis  investiga¬ 
tion,  wc  account  for  die  absence  on  tlie  rubidium  nitrate  liquidus  curve  of  diicontinuities  corresponding,  to  the  poly- 
morpliic  transformation  of  rubidium  nitrate,  by  t!:e  fact  that  the  licat  effect  of  the  transformation  of  one  modification 
o;  rubidiuri  nitrate  to  die  other  is  so  -mall  that  we  were  unable  to  detect  it,  and  die  crystals  of  the  [olymorphic  modi¬ 
fications  of  rubidium  nitrate  differed  so  little  from  eacl.  otlier  in  external  form  that  wc  were  also  -unable  to  sh^rate 
them  visua'')’.  ' 


Fig.  7.  Internal  sections.  XIII)  6(y/o  RbNOs  + 
+  40^  LINO,  AgNOjp  XIV)  6&^o  RbNOj  + 
+  3970  LiNOj  AgNOj. 


Fig.  6.  Internal  sections.  X)  20<7o  LiNOj#^  80*^  AgNOs  RbNOj; 

XI)  l(f^  LiN03  +  QO^oAgNOs  RbNOs.  1 1  was  mentioned  above  that  in  the  inves¬ 

tigation  of  the  system  of  rubidium  and  silver 

nitrates  we  established  the  chemical  compounds  RbNO| •  AgNO|  and  ^bN05*  AgNO,.  The  compound  2RbN03*  AgN08, 
which  melted  widi  decomposition,  and  had  been  difficult  to  secure  In  die  binary  system,  rubidium  nitrate  “silver  ni¬ 
trate,  appeared  more  readily  and  more  clearly  in  the  presence  of  lithium  nitrate  as  a  third  component  which  some¬ 
what  changed  die  reaction  conditions  by  its  strong  polarizing  action.  This  compound  occupied  about  yjo  of  the  total 
area  of  crystallization  in  the  concentration  triangle,  which  indicated  an  increase  of  its  stability,  accounted  for  by 
the  stabilizing  action  of  lidiium  nitrate,  which  depended  on  the  ionic  field  strength  of  the  latter. 


The  large  area  of  crystallization  of  the  chemical  compound  LiN03*RbN03,  which  melts  without  decomposi¬ 
tion,  surpassing  in  size  the  area  of  crystallization  of  the  pure  components  of  silver  and  rubidium  nitrates,  and  its 
melting  point  differing  little  from  the  melting  points  of  the  nitrates  of  silver  and  rubidium,  indicates  the  stability  of 


Fig.  8.  Projection  of  the  crystallization  area  of  the  system 
onto  die  basic  triangle. 
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the  compound  LiNOg  •  RbNOg,  which  is  intensified  because  of  the  total  polarizing  action  of  lithium  and  silver  ions  on 
rubidium  ion  at  the  moment  of  die  formation  and  crystallization  of  the  compound.  Thus,  the  chemical  interaction 
between  the  compounds  in  the  binary  systems  LiNOgI  RbNOg  and  RbNOg  lAgNOg  which  appears  clearly  in  melts,  is 

i® 


Fig,  9.  Ordiogonal  projection  of  the  joint  curve  of  crystallization 
onto  the  LiNOg—AgNOg  side. 

not  weakened  in  the  ternary  system  of  the  nitrates  of  lidiium,  rubidium  and  silver,  but  is  inteitsified  under  the  influence 
of  the  total  action  on  rubidium  ions  of  the  ionic  field  strengths  of  lithium  and  silver  ions. 

SUMMARY 

1.  The  ternary  system*rf  the  nitrates  of  lithium,  rubidium  and  silver  was  investigated  by  the  visual-poly- 
thermal  method  of  physico-chemical  analysis. 

2.  It  was  found  that  the  ternary  system  Li,  Rb,  Ag  IINOg  behaves  as  a  complex  system  having  four  non-variant 
points,  of  which  three  are  eutectic  points,  and  the  fourth  is  a  transition  point. 

3.  In  the  melts  we  verified  the  formation  of  the  chemical  compounds  LiNOg*  RbNOg,  RbNC^*  AgNOj  ,  vdiich 
melted  v^thout  decomposition,  and  the  chemical  compound  2RbNOg*  AgNOg,  which  melted  vrith  decomposition. 

4.  It  was  ^own  diat  the  chemical  interaction  in  melts  of  the  nitrates  of  lithium  and  silver  with  rubidium  ■ 
nitrate  was  not  weakened  in  the  ternary  system,  but  was  intensified  under  the  influence  of  the  mutual  overall  polariz¬ 
ing  action  on  rubidium  ions  of  lidiium  and  silver  ions. 

LITERATURE  CITED 

[1]  A.  A.  Grinberg.  Introduction  to  the  Chemistry  of  Complex  Compounds,  Moscow-Leningrad,  281  (1951). 

[2]  B.  V.  Nekrasov,  J.  Gen,  Chem,,  16,  1798  (1946). 

[3]  A.  P.  Palkln.  J.  Russ.  Chem.  Soc.,  58,  1334(1926). 

[4]  N.  A.  Puschin  and  M.  Radoni6i8,  Z.  allg.  anorg.  Chem.,  233,  41(1937). 

[5]  A.  P.  Palkin,  J.  Russ.  Chem.  Soc.,  59,  1348(1927). 

[6]  A?  P.  Rostkovsky,  J.  Russ.  Chem.  Soc.,  62,  8,  2067  (1930), 

[7]  N.  K.  Voskresenskaya,  Bull.  Sector  Phys.  Chem.  Anal..  Acad.  Sci.  USSR,  23,  155(1953). 

Received  January  28,  1954  Rostov-on-Don  State  University 


421 


jl^B; :  .1?«rf^>^|tc&s  ta^  %  Wi  tt«af3Atf*».»V  «Mf  ^^tt^him  -ri?"ys,  >->-■■  itnrtfcMtr*  ij 

voi*^y;-  irilVtd  '-l^f  Vi ie.i^'rf(^  .'yjt  (ift^'tn'dr^ 

j^.  '■  *»-fiM-^  ;  ri,-*  ^;,>:i{'T  •'T’r.vf  ^  ^  >ri,4|*n*^i- j><f 'j,  vC],  r  .:  ■  •i'.»«^‘i'  '"'  *^  '  ' 

-:  .  ,  '.  >  .  orTYt'if  ;.  '..  .4^-  .-j*;^ 

.«■  ..  ;  "‘.T'.:  :. .  -■-vt<'r-  •  -,«u^  I. ‘1^’ 2. '>< 

foco -),i  •  .i<~^--.-  V  ■•’•t'.;-.  i...  ■  -  ■  -..  |.  -  '  .^iihk ■■  ^  '-.:• 

if:  *  ,r.:.:4v-  .'  .•’ '  .  r^.  '  _  v--*  -.,  :  j  '  ■  J  S--"e  tV'  ..'SCCriilW 

'-'  ■:  '■''  f  ^'■-.^i'.^^iv-.-r-c'-.'  -r.'  ?^i.ii  )!•;<■  ‘ f  ;-Av iW;:.' t-i  n'K..*.! 

Ha.::-  )•.  .  .  .  ,.  4,,  ..  ....... 

A]:. :  .I  h 

1  "  **  ftf  'jT  •> 


-  V  t,.? 

«;?.  I'i 


Ui  tuvwp  „  -ji  j{  ■^.r*  )s>  >>i  £>  f-  ;.jh 

'*“  '  '  •  '  ^!»40f^a^fc'**fCR'IJ  j  4/ii  OifTA 


|l^»flO«rt•^b»^^!\^^|^^>-^  ii»,*r3!?ait  If  !'-•''  ,*3'#4jitS«6  w  j?b6fea  .Jtrvifiii*  tsSfititi'  Hdj  V’  t\:uiv{t  iifi -ai  .fcit?cif»)(ji3y/  joJi 

4  •><■  ;  •  -  '  <iA«:  '#;)  tu>*l[  ■•  41  vft  ;tfi»r  .'^tb^sjMfiiT'feo  fta  r^iii.iSJOi  3;fi  V> 

I. ■5.  I  -J  -  .  *,^  ■  ^  j. 


...  r 


fRAKMUB 


'jjfj  y<i  .’'v*U  t*-.u  rijifc.liot  W  stviAnic  ^0'iriW'ft-i;tir<'f.'3'J  ^cfT  .f 

^  ’  '‘. 'ixn^d^  oaifcv  Iq  >0  liii/fj!'>i.: 

4  xi  A^jv«ijri  ?;jV  .ifl  ,y  ij{i.«Y>V 3iI}4Ji.fj  fejUfxo^.jl^w  .U  ,1’. 

r!  ^  .I'Uac  iiCsiJibTai,'  Cl  m  X'.ji.ia^  Sdi  b:«  ^3tn9s.}i^'»  to  ,£iti;vq 

^  ssj?^  liUiJfi-'t’v;/')  a*&  ^i:.f  niorxt  sidj  af  .ft 

i^y''  "'/:!  b&hSJ?  sO'yf^fi  •jXJvid.QS  fcu  J?Xfir^  lfii.iir;:s.ft3f  jid?  t.a£  .t»jiJsoqrtJO»!i4)  !;'tti?/iv# 

«xi*  i'.il'feii  Xi  inunim  «»i;  ^aiSBn  ii.-.  »irtj  fi»)X>j5ii  4 

to  ;.::M’f;r  WiicuB/UU  ;>.9  a»,fcsww4®-->  . 

ijsf*-.,...  ■  %:  '■'''■*',**?  iw^^x^JiUc  i»  ^-fll 

i^';- Jfclitol  cAft  r/J^a  :■--  '  •’  ■  i:>ii:':jt:;T^  ?  .-  f  4’-?V4 

ifcte>  r/ .T.''f;.?  >•  . --■  '*■:■£■  “'.  ^ A.l>- x I  I4t  .•»  j^i^.  ...■,  ,Vt  ■:«‘.'-t'  :  i;--':?)'!?)  u-.c'  SV  • 

H|yi5#ryfS9 .tx.i.’.  Wu'TBfD  *iJ;t'*wi>To  ^FU.-.'.i?!:>  'ttUiw.'U.fta  i£'fa«Jiiii*'Tx>  A  A  I  n 

lit;,  v^l  A:  ■  '  *  ' 

Ly.  J'  ^;v‘.  4...  j -.^f  ..  »i  if..; if  vli^vT  ...-'.M-y  .?L.ye.ti-' 

P.  <l*6if5S;;;  >»^<  .'/  ^  'i-*  ;r  ■.  '  ^  JMftf'.V  ^  .i^yTy.  V 

P  ^  .yia^i^i.'a  .5:  ,h£  bu/t  w;iyt:JH  A  M  U] 

-CS  ..:ie«  .m«iO  ..Mi*  .1  .iiyiA<I  .*1  .A  U3 

^  •  ■  -  y  .id  ,.:K)y ;»  ;• 

if?fi!)2*r  €i  ‘'l^v  J'jZ  rMoACut^pr^ifi^f  Wi)Oi  AhiQ  ,u((iAtti^uiA»o\  .:i  M  U'} 

1^'  ^  ^ 
i-  .... '  ■  ■^■  '1 


I 


-  .,  .-  ^yrv; 

•  .  ■•  ■  A-’  '  *^4^  -  ‘  ’‘vA-A  ■.^'  •  , .^4  'i-'---.  '■■:•  %  'i 

■  /■*  •.;■•_  'v  rAy^-.  ..'.4 -.;.'-*  ,  f 


SINGULAR  IRREVERSIBLE-RECIPROCAL  SYSTEM  WITH  SEPARATION  OF  THE 


CHLORIDES  AND  SULFATES  OF  LITHIUM  AND  THALLIUM 


A.  G.  Bergman  and  M.  L.  Sholokhovich 


The  chemical  Interactions  taking  place  in  reciprocal  systems  are  demonstrated  most  clearly  by  the  systematic 
study  of  a  series  of  reciprocal  systems  widi  a  common  lateral  direction.  Of  special  interest  are  systems  with  sharply 
expressed  complex  formation,  in  which  it  is  possible  to  follow  well  the  relation  of  the  exchange  and  the  complex 
formatioa  in  the  lateral  direction.  At' the  present  time,  systematic  material  in  this  direction  was  obtained  for  a  sys¬ 
tem  forming  the  cationic  complexes  "Li^Qt*  K^Q^,  Li2W04*  K2WO4  and  for  the  anionic  complexes  *-BaF2*BaCl^ 
SrF2*  StCl2,  CaF2*  CaCl^  etc..  In  these  investigations  vre  showed  the  extremely  great  diversity  of  types  of  reciprocal 
systems,  particularly,  of  the  adiagoial  type,  forming  in  systems  widi  relatively  small  heats  of  die  exchange  reaction 
in  die  presence  of  large  heats  of  complex  formation. 

The  system  which  we  studied  was  the  first  of  a  series  of  reciprocal  systems  invblving  the  participation  of  the 
complex  LijSQj •  TI2SO4,  which  we  investigated  for  the  first  time  in  the  present  work.  This  series  was  of  interest  be¬ 
cause  it  was  more  easily  fusible  than  the  systems  containing  the  complexes  1^2804  •  K^04  and  Li2W04  •  K2WO4.  We 
diserved  that  all  the  thallium  salts  melted  considerably  lower  than  the  corresponding  potassium  salts.  The  exchange 
reaction  of  the  system  Li,  T1  IISO4,  Cl  in  the  Li2S04 ’^1/^12  direction  had  a  heat  of  11.83  kcal/equiv. 

EXPERIMENTAL 

The  method  of  investigation  was  the  visual-polythermal  method.  The  salts  were  melted  in  a  platinum  cruf* 
cible.  The  temperature  was  measured  with  a  Pt-^t/Rh  thermocouple.  All  the  calculations  were  in  equimolecular 
percentages.  The  c.p.  salts  had  melting  points  of:  Li^04  860®,  TI2SO4  633*,  LiCl  605“,  TlCl  429*. 


Fig.  1.  Binary  system  T1^04~^i^04.  Fig.  2.  Diagonal  sections  of  the  reciprocal  system 

Li.  T1  II  CL  SO4. 

Binary  systenu.  The  systems  Ll/:i2“*Si2S04  [1],  Li/;i2"’Tl/::i2  [2],  Tl^Qj— Tl^l2  [3]  were  eutectic  systems. 

In  the  system  T1^04'~Li^04(Fig.  1).  the  compound  of  the  Itl  composition,  v^ich  melted  at  577*  without 
decomposition,  formed.  Lithium  sulfate  exists  in  two  modificatitms.  The  transition  point  of  the  a  -form  to  the 
B-form  at  574*  appears  clearly  on  the  Li^Qi  curve.  The  points  of  intersection  of  die  branches  are:  1)  24.5^  LijSQi 
and  502*,  and  2)  73.9^  Li^04  and  520*. 
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940’*  5iO^  m*'  5(72*’  ^ 


OYI^  nzCiz 

Fig.  3.  Scheme  of  internal  sections  in  the  system. 


TABLE  1 


Qagonal  system.  1.  *  ;  Tl/;;i2“Li2SQ4  (Fig.  2) 
was  stable,  and  was  characterized  by  a  limited  mutual 
solubility  of  the  components  in  the  liquid  state.  The  in¬ 
terval  of  separation  was  from  4  to  92.9^  lithium  sulfate. 
The  three  phase  monotectic  process  proceeds  within  tliis 
interval.  The  eutectic  point  was  at  2Plfc  LijSQj  and  428°. 

2.  The  Li^l2“Tl2S04  (Fig.  2)  section  intersects  all  areas 
of  crystallization  of  the  reciprocal  system.  The  interval 
of  separation  is  from  2fPlo  TI2SO4  and  49G“,  to  QfPlo  Tl^04 
and  530®. 

Uilike  the  stable  section,  in  the  present  section  the 
separation  of  die  solid  phase  of  the  areas  of  separation 
proceeds  at  a  variable  temperature,  since  a  univariant 
equilibrium  occurs.  The  points  of  intersection  of  the 
branches  are:  1)  20.97<»  TI2SO4  and  462”,  2)  62.9^Tl2S04 
and  484”,  and  3)  897o  TI2SO4  and  460”. 

The  Reciprocal  System 

V/e  investigated  10  internal  sections  ( Tables  1  and  2, 
Figs.  4a,  4b  and  5)..  Their  arrangement  is  shown  in  Fig.  3. 
The  plane  of  crystallization  of  the  reciprocal  system 
(Figs.  6-9)*consists  of  five  areas.  The  distribution  of  the 
planes  of  the  composition  square  among  the  areas  of  cry¬ 
stallization  is  presented  in  Table  3. 


Specific  Points  of  the  Internal  Sections  in  the  TI2SO4  Direction 


Sec-  Composition  of 
tion.  initial  mixture 

'  Intersection  points  of  crystallization  branches  of  j 
t  different  phases 

Interval  of  separation 
from  ’  to 

1 

j  point 

i 

i 

name  of  branches 

T1^04  f  tem- 
(mole  ^o)\  pera- 
1  ture  1 

TI2SO4 
( mole  ^o) 

1 - 

j  tem- 
,  j)era- 

ture 

!  TI2SO4 
;  ( mole  ’’jo) 

tem¬ 

pera¬ 

ture 

I  [40<7o  Li2S04f  r 

1 

LiCl  and  Li2S04 

[  ! 

[  472” 

10.0 

506” 

56 

524” 

,  +  eo^Li^ci,]  , 

2 

Li2S04  and  compound 

1  52.5 

484 

;  1 
1 

1 

1 

1  ' 

"  i 

1  Compound  and  TI2SO4 

1  82.5 

474 

t 

U  ;[795b  LiiCl2+  ’ 

1 

|LiCl  and  Li2S04 

1  10.0 

436  1 

15.5 

1  502 

60.0 

528 

1  +  2g55>  Tl^lj]  ^ 

2 

L 12804  and  compound 

57.0 

484 

1 

1 

1 

3 

Compound  and  TI2SO4 

82.5 

452 

1 

1 

m  itSO^o  Li^lj  + 

1 

LiCl  and  112804 

2.5 

390 

5.0 

504 

52.5 

514 

i  +  50«^  Tl^Clj]  < 

i  2 

i 

;L  12804  and  compound 

50.0 

484  1 

j 

!  1 

1 

1  3 

Compound  and  TI2SO4 

78.5 

440 

IV  Iw  Li^l2+  j 

I  1 

HCl  and  LijSQi 

1.0 

354 

2.5 

540 

4a  0 

506 

i  +  73^  Tl^Clj]  1 

1  2 

L 12804  and  compound 

40.0 

484 

A  lens  of  separation  occupying  51.7^  of  the  surface  of  the  system  was  located  along  the  stable  diagonal  of  the 
profile  of  the  reciprocal  system.  The  area  of  separation  v/as  superimposed  on  two  areas  —  on  a  major  part  of  the  lith¬ 
ium  sulfate  area  and  on  a  small  part  of  the  area  of  the  double  sulfate  of  lithium  and  thallium.  The  line  of  joint  cry¬ 
stallization  of  the  salts  indicated  is  a  straight  line  and  passes  duough  the  region  of  separation,  through  which  the  four- 
phase  monotectic  {vocess  passes. 

From  die  scheme  of  the  crystallization  branches  of  the  system  (Fig.  8),  and  from  the  projection  of  die  cry¬ 
stallization  branches  of  the  reciprocal  system  onto  the  Li^04”Li^l2  side  (Fig.  7),  it  follows  that  there  are  tiiree  . 
triple  non-variant  points  (Table  4)  in  the  system. 


The  binary  eutectic  point  of  428”  of  the  diagonal  section,  Tl^l2“Li2S04,  appears  to  be  a  stable  triangula 
tion  profile  of  the  system. 

*  See  plate  p.  007 
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Fig.  4.  Internal  sections.'  I)  4(y^  LijSO^  +  6(1^  LiClj  TI2SO4;  III)  50Vo  Li^l2+  5070TI2CI2  TI2SO4; 
n)  7af7o  LliCl2+  25^0  Tl/Eij  TI2SO4;  IV)  25^  LiiCl2+  75^  71^012  TI2SO4. 

The  second  triangulation  profile  112804  •  T1^04“Tl^l2  was  not  stable,  since  112804  separates  inside  the  sys¬ 
tem  as  a  result  of  die  cleavage  of  the  complex  112804  •  TI28O4,  by  which  the  system  Li^04““TliCl2"“T1^04,  in  turn 
undergoes  triangulation  into  two  phase  triangles.  Both  triple  non-variant  points  of  the  triangle  indicated  are  located 
almost  in  a  line  in  one  phase  triangle,  112804*  TI28O4 "*712804 “71/^12.  Consequently,  one  of  them  is  a  eutectic  point 
at  330*,  and  the  other  is  a  transition  point  at  338®.  Thus,  the  double  compound  Li^04*  Tl^Qj,  melting  without  de¬ 
composition  inside  the  reciprocal  system,  becomes  one  melting  with  decomposition. 


TABLE  2 

8pecific  Points  of  the  Internal  Sections  in  the  LI28O4  Direction 


Sec-  Composition  of  [  Intersection  points  of  crystallization  branches 
rtnn  I  initial  mixture  '''f  Hiffpront  nhaco« 


V  [697oTl2804  + 

!  +  35'7o  Tl^Clj] 

VI  '[Sgyo  TI2SO4  + 

+  71^:12] 

VII  iAVjo  TI2SO4  + 

+  60^0  71^:12] 

vm  [3070  TI28O4  + 

+  705t  Tl^Clj] 

IX  ,[23>5l»  TI28O4  + 

;  +  73!b  TliClj] 

X  i[207o  TI28O4  + 
|+807>  Tl/:iJ 


of  different  phases 
name  of  branches  TLi^oi  item- 
I  (mole'yo)  ipera- 

!  '  ture 


I  !  I 

'  7 12SO4  and  compound  5.5  j  400® 

,  Compound  and  L 12804  66.0  502 

j  TI2SO4  and  compound  |  3.0  378 

I  Compound  and  LijSQi  j  56.0  484 

\  TI28O4  and  compound  |  2. 5  348 

I 

i  TlCl  and  Li2S04  2.0  344 

Compound  and  Li2S04  15.5  484 

TlCl  and  Li2S04  1.0  360 

TlCl  and  112804  1.0  380 


j  Interval  of  separation 

I  from  to 

,112804  j  tern-  ■  112804  tem- 
( mole  <70)  i  pera-'(mole ‘T*)  pera- 


[Does  not  pass  through  region  of  separation 


48.0  524®  ,79.0  570® 


!  23.0  I  514  Not  determined 


9.0  i  497  ‘  Not  determined 


6.0  484  i  Not  determined 


5.0  496  Not  determined 


Thus,  in  spite  of  the  presence  in  the  system  of  the  distinctly  expressed  double  compound,  lii^Qi  •  7I2SO4, 
the  system  undergoes  a  triangulation  of  the  diagonal  type:  apparently,  in  the  present  case  die  heat  of  the  exchange 
reaction  prevails  over  diat  of  complex  formation. 
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TABLE  3 


Areal 

1  Areas  of  crystallization 

r  Area 

1 

'  ■  -  1 

Lithium  chloride . 

1 

10.0 

2 

Thallium  chloride . 

1  1.3 

3 

Thallium  Sulfate . 

5.3 

4 

,  Double  sulfate  of  lithium  and 

i 

i 

I  thallium . 

22.8 

5 

a  -Modification  of  lithium  sulfate 

2.0 

6  ' 

fl-Modification  of  lithium  sulfate  1 

58.6 

It  is  extremely  interestirg  that  the  complex 
LijSO^  •  TI2SO4  corresponded  to  a  sharply  expressed 
crest  on  the  diagram,  althou^/it  deviated  appre¬ 
ciably  from  the  plane  of  the  present  section. 

DISCUSSION  OF  RESULTS 


Fig.  5.  Internal  sections.  V)  TI2SQ4  +  33^  Tl^l2  Li^SQi; 

VI)  55^  TI2SO4  +  Tl^Clj  Li2S04-,  VII)  40f^  Tl^SO^  +  60^ 

TljClj  LijSO^;  Vm)  30^  TljSO^  +  7055)  Tl^Clj  Lij^04;  IX) 
TI2SO4  +  75<7o  Tl^Clj  Li2S04-.  X)  207o  TljSQj  +  807o  TliCl*. 


/s  to  the  high  value  of  the  conventionally 
calculated  heat  of  the  exchange  reaction,  equal 
to  11.83  kcal/equiv.,  in  spite  of  the  presence  of 
sharply  expressed  complex  formation,  the  sys¬ 
tem  triangulated  according  to  the  diagonal  type 
and  seemed  to  be  of  the  nature  of  an  Irrever- 
'.ible  -reciprocal  system  of  the  singular  type  with  separation.  The  stably  triangulating  section  is  the  Li2S04~Tl2S04 
diagonal.  The  double  sulfate  area,  although  it  also  exists  in  the  system  at  the  lowest  temperature  is,  however,  trans¬ 
formed  widiln  the  reciprocal  system  to  a  compound  which  melts  with  decomposition,  as  a  result  of  which  free  lith¬ 
ium  sulfate  separates  as  the  primary  phase  on  the  profile.  The  present  system  seems  to  be  one  of  the  few  examples 
of  systems  in  which  a  sharply  expressed  complex  formation  is  related  to  the  separation  of  the  components  of  the  sta¬ 
ble  pair. 


Fig.  6.  Projection  of  the  three-dimensional  diagram  of 
the  system  onto  a  composition  square. 

The  region  of  separation  consisted  of  Sl.T^o  of 
the  area  of  the  liquidus  plane  of  the  system  and,  located 
between  4  and  92.9^  lithium  sulfate  along  the  diagonal, 
was  superimposed  on  a  major  part  of  the  lithium  sulfate 
area,  and  also  on  a  small  part  of  the  double  sulfate  area. 


Fig.  7.  Projection  of  the  crystallization  branches  of 
the  system  onto  the  Li2S04“Li^l2  side. 


Fig.  8.  Scheme  of  crystallization  branches  of  the  sys 
tem  Li.  Tl  II  Cl.  SO4. 
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TABLE  4 


Characteristics  and  Composition  of  the  Non -Variant  Points 


Designation  of  point 
and  its  character 

Tempera¬ 

ture 

Composition  | 

'  Equilibrium  phases 

TI2CI2  •  LijClj 

L^SQj 

TI2SQ* 

i 

Eutectic  Ej 

I  j 

1  326” 

65  {  34 

1 

— 

LiCl,  .  TlCl.  LiiSQj 

Transition  P 

1  338  1 

68  i  - 

2 

30 

TlCl,  LijjSQj,  Li^Qj-TljSQj 

Eutectic  Ej 

!  330  I 

66  !  - 

3 

31 

TlCl.  TI2SO4,  LijS04*Tl2S04 

The  line  of  joint  crystallization  of  the  salts  passed  through  the  region  of  separation  and  was  a  straight  line 
along  which  passed  the  four-phase  monotectic  process.  The  asymmetry  of  the  lens  of  separation,  which  apparently 
brings  about  the  formation  of  the  complex,  LijSQj  •  TI2SO4  is  of  great  interest.  We  turn  our  attention  to  the  fact  that 
the  isotherms  in  the  area  of  Li^Qi  •  TljSQj  complex  acquire  a  singular  character  on  reduction  of  the  temperature, 
and  therefore,  the  peak  on  the  crystallization  plane  of  this  complex  is  semi -singular. 

SUMMARY 

1.  The  plane  of  crystallization  of  the  system  consisted  of  five  areas. 

2.  The  diagonal  section  Li^04~~Tl/:i2  in  the  system  was  a  stable  section,  but  the  adiagtmal  profile  Li^04* 

•  Tl2S04*^l^l2  was  not  stable. 

3.  The  sharply  expressed  double  compound  Li2S04*  Tl^Qi  which  melted  without  decomposition,  was  trans¬ 
formed  within  the  reciprocal  system  to  a  compound  which  melted  with  decomposition. 

4.  Separation  took  place  in  the  system.  The  lens  of  separation  was  located  along  the  stable  diagomtl,  and 
occupied  51.?7o  of  the  area  of  the  system,  between  4aid  9259®7o  Li^Qi  on  the  diagonal. 

5.  The  region  of  separation  was  superimposed  on  two  areas  —  cm  the  Li^04  area  and  on  the  area  of  the  com¬ 
pound  LijSQj  •  TIJSO4. 

6.  An  asymmetry  of  the  lens  of  separation  occurred  under  the  influence  of  sharply  expressed  complex  for¬ 
mation. 

7.  The  peak  in  the  area  of  crystallization  of  the  complex  Li^Qi  *  Tl^Qi  became  semi-singular  on  reduction 
of  die  temperature. 
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IRREVERSIBLE-RECIPROCAL  SYSTEM  OF  THE  CHLORIDES  AND  SULFATES 


OF  LITHIUM  AND  STRONTIUM 
M.  S.  Golubeva  and  A.  G.  Bergman 


The  interaction  of  salts  in  melts  depends  on  a  number  of  factors,  first  among  which  are  the  charges,  radii  and 
electron  structures  constituting  the  Ions  of  these  salts. 

A  consideration  of  the  structural  diagram  from  the  point  of  view  of  the  positions  in  the  D.  I.  Mendeleev  table 
of  the  elements  constituting  the  system,  enables  us  to  detect  the  effect  of  the  sizes  of  the  charges  and  the  radii,  and 
the  effect  of  the  structure  of  the  electron  shell  of  one  ion  or  another  on  the  character  of  the  system.  Ions  which 
are  closely  related  in  the  properties  listed  should  form  similar  systems  in  analogous  combinations  with  the  rest  of 
the  ions. 

A  graphic  example  of  such  a  similarity  might  be  the  reciprocal 
system  Li,  Ca  II  Cl,  SO4  [1]  which  was  studied  earlier,  and  introduced 
into  the  present  work  as  Li,  Sr  ||  Cl,  SO4. 

EXPERIMENTAL* ** 

The  system  was  studied  by  the  visual -polythermal  method  of 
fusibility  in  a  platinum  crucible  in  an  electric  shaft  furnace.  We 
measured  the  temperature  witii  a  Au,  Pd,  Pt  -l^t,  Rh  thermocouple. 

All  compositions  were  expresaed  in  equimolecular  percentages.  As 
the  starting  materials,  we  used  the  pure  salts:  LiCl,  609“?  Li^04, 

852*-,  and  SrClj,  873“. 

According  to  the  data  In  the  literature  [2]  the  conventional 
melting  point  of  SrS04  is  1605“. 


Areas  of  Sections  of  Crystallization  of  the 


System  Li,  Sr  11  Cl,  SO4 

Section  of  crystallization 

Area  occupied 
(%) 

SrSQj . 

78.7 

LiCl . 

13.0 

S1CI2 . 

5.3 

Li2s64 . 

3.0 

TABLE  2 


Composite  Table  of  Internal  Sections  of  the  System 


Sec- ! 
1 

tion  j 

Initial  mixture  of  components 

M.p.  of 
initial 
composi¬ 
tion 

Added 

compo¬ 

nent 

iBranches  of  crystallization  curves  and  their  intersectitms 

branch 

1 

1  intersection 

branch 

2 

1  intersection  | 

branch 

3 

H 

■ 

■ 

I  ' 

25%SrCl2+  75%Li2Cl2 

SrS04 

Li2Cl2  1 

!  1 

;  13.5 

512 

SrS04 

11 

25%Li2S04+  75%LiiCl2 

560 

StS04 

14.5 

496 

SrS04 

m 

95%StCl2  +  5%SrS04 

841 

LijSO^ 

SrCl2 

8 

708 

SrSQi 

92 

661 

Li2S04 

IV 

75%StCl2+  25%Li^l2 

657 

LI2SO4 

SrClj 

8 

520  .. 

SrSQi 

91 

632 

LijSQt 

V 

55%SrCl2+  45%Li^l2 

529 

LixSQt 

S1CI2 

6.5 

460 

srsQj 

88.5 

612 

LijSq* 

VI 

65%Li2S04+  dSPhLifZl^ 

528  , 

SrS04 

LijSC^ 

4 

490 

SrSQi 

vn 

25%Li^l2+  •75%Li.iS04 

566 

SrS04 

LijSq* 

5 

562 

-  SrSQi 

vm 

4'0%Li^O4+  60%Li^l2 

520 

SrS04 

Li2Cl2 

9.5 

482 

StSQi 

IX 

65%Li^Cl2  +  35%SrCl2 

532 

SrSQj 

LI2CI2 

8.7 

488 

S1SO4 

X 

45%Li2S04  +  55%LiiCl2 

508 

StS04 

Li^Cl, 

8.5 

477 

SrSQj 

Btnarv  systems,  (Fig.  1),  The  systems  1)  Ll^lj~Li^4  [3,  4],  2)  Li/:i2“^tCl2  [5],  and  3)  Ll^Q|“«tS04  £6]  were 
studied  earlier?  4)  we  studied  SrClj^SrSQj  for  the  first  time.  All  four  systems  were  simple  eutectic  systems.  Accord¬ 
ing  to  our  data  the  eutectics  were  located  as  follows;  in  the  first  system  it  was  at  485“  and  4S.lio  Li^l^  in  the  second 
—at  488“,  and  51.2%  in  the  third  —  at  722“  and  22%  SrSOji,  and  in  the  fourth  —at  762^  and  14%  SrS04.  On  the 


•  Witii  the  cooperation  of  T.  T.  Logachev. 

**  A  is  the  equimolecular  per  cent  of  added  component. 


LijSQj  crystallization  branch  in  the  system  Li2Cl2'*'Li2S04  at  572“  diere  is  a  discontinuity  corresponding  to  a  hetero- 
morphic  transition. 

In  all  cases  a  homcomorphic  transition  was  reflected  at  564“  on  the  LiCl  branch. 

Diagonal  profiles  (Fig.  1).  We  repeated  the  diagonal  profiles  studied  earlier  [6J.  The  conventional  heat  of 
the  exchange  reaction  of  Li;  Sr  I'Cl,  S04  is  0.47  kcal/g-equiv.  in  the  direction  of  the  Li^04”SrCl2  pair.  However, 


Fig.  1.  Secondary  directions  and  diagonal  sections  of  Fig,  2.  Distribution  of  internal  sections  in  the  reciprocal 
the  reciprocal  system  Li,  Sr  :  Cl,  SO4.  system  Li,  Sr  1  Cl.  SO4. 


the  stable  diagonal  section  in  this  s)'stem  is  another  diagonal  Li^l2“SrS04  with  a  eutectic  at  524"  and  2570  SrSQj 
The  SrCl2~Li2S04  diagonal  intersects  bodi  the  component  areas  and  the  area  of  the  exchange  product  of  SrS04,  at 
G93*  and  12%,  and  G56“  and  92%,  respectively. 

Internal  sections  (Fig  3).  The  crystallization  area  of  the  system  was  studied  by  10  internal  sections*,  their 
distribution  is  given  in  Fig.  2.  The  fundamental  data  for  each  section  were  arranged  in  a  composite  table, 

A  projection  of  the  crystallization  area  of  the  f  ree  Idimensional  diagram  onto  a  composition  square  (Fig.  4) 
indicated  the  existence  in  the  system  of  four  areas  of  crystallization  of  its  components.  We  made  a  triangulation  of 
the  system,  obtaining  two  phase  triangles  for  tlie  stable  diagonal  of  section  Li2Cl2“SrS04 

i  I  A  projection  of  the  joint  crystallization  curve  onto 


MoU.  K 


Fig.  3.  Internal  sections  in  the  reciprocal  system 
Li  .  Sr  [!  Cl,  SO4. 


the  side  of  the  composition  square  (Fig,  5)  showed  a 
regular  decrease  c  "  temperature  for  these  curves,  and 
showed  their  convergence  at  two  of  the  tliree  eutectic 
points  (E^  and  Ej,', 


Fig,  4,  Projection  of  the  three-dimensional  diagram  of 
die  reciprocal  system  Li,  Sr  Cl,  SO4  onto  the  composition 
square. 


In  the  SrSQi  area  the  isotherms  form  a  well-ex{»essed  peak,  which  inclines  somewhat  toward  the  Li^SO^  side 
from  the  plane  of  die  stable  diagonal,  and  which  indicates  the  tendency  toward  exchange  reactions  between  the  com¬ 
ponents  of  the  stable  pair. 


Fig.  5.  Projection  of  the  joint  lines  of  crystallization  Fig.  6.  Projection  of  the  three-dimensional  diagram  of 

of  the  system  Li,  Sr  ’I  Cl,  SO4  onto  the  LijSO^—Li^lj  the  reciprocal  system  Li,  Ca  II  Cl,  SO4  onto  the  composl- 

side.  tion  square. 

The  maximum  area  of  crystallization  equal  to  78.7‘7o(Table  1),  caresponds  to  the  most  difficultly  fusible  com¬ 
ponent,  SrS04, 

A  comparison  of  the  structural  diagrams  of  the  two  reciprocal  systems  Li,  Ca  IlCl,  SQjCFig.  6)  and  Li,  Sr  !IC1,  SO4 
(Fig.  4)  showed  their  very  great  similarity,  which  included  the  very  similar  forms  of  all  the  areas  of  crystallization, 
the  close  values  of  the  sizes  of  the  areas  that  they  occupied,  and  the  location  of  the  isotherms  and  multiple  points. 

It  is  possible  to  account  for  the  observed  similarities  by  die  rather  close  values  of  the  ionic  radii  of  Ca++  *"  1.06  A 
and  Sr  ■”  1.27  A,  which  have  the  same  charge  and  an  analogous  8 -electron  structure  for  the  outer  electron  layer, 

SUMMARY 

1.  The  reciprocal  system  Li,  Sr  IICl,  SO4,  studied  by  the  visual -polytiiermal  method  of  fusibility,  belongs  to 
the  irreversible  -reciprocal  systems  which  show  no  complex  formation, 

2.  A  discrepancy  was  found  between  the  value  of  the  thermal  effect  of  die  exchange  reaction  (0.47  kcal/g-equlv.) 
and  the  character  of  the  diagram  of  the  reciprocal  system;  judging  from  the  value  of  the  thermal  effect,  the  system 
iiould  be  reversible  -reciprocal  [7],  which  does  not  agree  wldi  experiment. 

3.  A  discrepancy  was  found  between  the  fliermal  effect  and  the  direction  of  displacement  of  the  exchange  reac¬ 
tion  in  die  system.  In  conformity  with  the  thermal  effect,  the  exchange  reaction  should  be  displaced  toward  the  side 
of  the  jiair  SrCl2“Li2S04,  whereas  in  reality  it  takes  the  opposite  direction. 

4.  The  great  similarity  found  in  the  nature  of  the  structural  diagrams  of  the  systems  Li,  Ca  II Cl,  SO4 

and  Li,  Sr  ||C1,  SO4  is  explained  by  the  close  values  of  the  sizes  of  the  ionic  radii  of  calcium  and  strontium  ions, 
which  have  an  identical  charge  and  a  similar  structure  for  the  outer  electron  layers. 
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ELECTROCHEMICAL  INVESTIGATION  OF  SOME  BINARY  SYSTEMS  IN  NITROMETHANE 


V.  S.  Galinker  and  A.  Fiks 


Solutions  of  al  jhiinuni'and  antimony  halides  and  their  complexes  in  nitro  derivatises  of  hydrocarbons  have 
interesting  electrochemical  properties.  Such  solutions  were  studied  in  greatest  detail  in  nitrobenzene,  in  an  investiga¬ 
tion  in  which  Plotnikov  and  his  coworkers  were  engaged.  A  solution  of  aluminum  bromide  in  nitrobenzene  is  a  good 
conductor  and  as  shown  by  Plomikov  [1],  and  later  by  Plomikov  and  Bendetsky  [2],  its  specific  electrical  conductivity 
passes  through  a  maximum. 

It  was  found  that  nitrobenzene  solutions  of  aluminum  bromide  and  aluminum  chloride  have  the  power  to  dissolve 
the  alkali  metal  halides,  which  do  not  dissolve  in  nitrobenzene  by  themselves. 

It  is  interesting  to  note  that  during  electrolysis  of  these  ternary  systems  the  alkali  metal  is  deposited  at  the 
cathode,  whereas  during  electrolysis  of  the  benzene  and  toluene  solutions  of  these  same  complexes,  aluminum  is  de¬ 
posited  at  the  cathode.  Here  the  specific  effect  of  the  solvent  on  the  process  of  electrolytic  dissociation  appears.  It 
,is  obvious  tiiat  the  process  of  complex  formation  underlies  this. 

An  electrochemical  investigation  of  solutions  of  the  antimony  halides  and  their  complexes  in  nitrobenzene  was 
made  by  Vaisberg  [3],  In  much  less  detail  he  investigated  solutions  of  aluminum  and  antimony  halides  in  nitrometh- 
ane.  In  general  the  small  number  of  inorganic  salts  soluble  in  nitromethane  should  be  noted,  about  which  there  is  an 
indication  by  Brunner  [4].  A  small  number  of  works  on  the  electrical  conductivity  of  solutions  of  iiiOTganic  salts  in 
nitromethane  was  cited  in  Walden’s  [6]  monograph.  Solutions  of  aluminum  bromide  and  some  of  its  complexes  in 
nitromethane  were  studied. by  Mezhennyi{6].  He  studied  the  binary  system,  AlBr, “nitromethane,  and  of  the  ternary 
systems,  AlBr3“LiCl“CHjN02  and  AlBrj-^CCl“CHjN02,  were  studied.  It  was  found  that,  during  the  electrolysis  of 
these  ternary  systems,  alkali  metal  deposits  at  the  cathode.  We  also  studied  the  binary  systems  AlBt3“NaCl, 
AlBr3“KBr,  AlCl3“NaCl.  SbBr3"TCBr,  in  this  solvent,  for  the  purpose  of  broadening  our  knowledge  of  the  nitrometiiane 
solutions. 


EXPERIMENTAL 

Nitromethane  was  synthesized  from  chloroacetic  acid  and  sodium  nitrite.  The  resulting  product  was  distilled, 
dried  with  fused  calcium  chloride,  then  the  nitromethane  was  distilled  over  mercuric  oxide.  The  final  product  was 
distilled  directly  into  an  ampoule  and  sealed  up.  The  specific  electrical  conductivity  of  the  nitromethane  at  20® 
was  5,3‘  10  *0”^  cm“^ 

Chemically  pure  anhydrous  preparations  of  the  salts  were  used  for  the  investigation.  A  ves-el  with  a  ground- 
glass  stopper  and  platinized  platinum  electrodes  was  used  for  the  measurements  of  the  electrical  conductivity.  The 
electrical  conductivity  was  measured  in  a  water  thermostat  at  20*  by  means  of  a  tube  oscillator.  The  solutions  were 
prepared  in  the  following  way.  Into  a  previously  vrei^ed  vessel  for  measurement  of  the  electrical  conductivity,  we 
poured  a  certain  quantity  of  fused  aluminum  bromide  from  an  ampoule.  After  cooling,  the  vessel  was  weighed,  the 
nitromethane  was  added,  and  it  was  reweighed.  The  electrical  conductivity  of  the  initial  solution  was  determined, 
and  then  a  constantly  Increasing  quantity  of  alkali  metal  halide  was  added.  After  each  addition,*  the  electrical 
conductivity  was  measured.  Thus,  at  a  constant  ratio  of  aluminum  bromide  and  nitromethane,  solutions  with  different 
ratios  of  aluminum  bromide  and  alkali  metal  halide  were  obtained. 

Similar  experiments  were  also  carried  out  with  other  ternary  systems  containing  aluminum  chloride  and  anti¬ 
mony  bromide.  An  evolution  of  heat  was  observed  during  the  dissolving  of  AlBr3  and  AICI3  in  nitromethane.  The 
electrical  conductivity  of  the  solutions  of  the  aluminum  and  antimony  halides  in  nitromethane  increased  (Tables 
1,  2,  3,  4,  5)  on  addition  of  the  alkali  metal  halides. 

The  alkali  metal  halides  ceased  to  dissolve  as  the  ratio  between’  them  and  the  A1  and  Sb  '  halides  approached 
unity.  Since  the  increase  of  the  electrical  conductivity  was  related  to  the  dissolving  of  die  alkali  metal  salts,  it  is 
natural  that,  as  the  ratio  between  the  alkali  metal  halides  and  the  aluminum  and  antimony  salts  approached  unity, 
the  electrical  conductivity  ceased  to  increase.  A  study  was  made  of  the  system,  AlBr3“NaCl“nitromethane,  for 
two  ratios  of  AlBr3:nltrohiethane,  It  is  obsious  that  the  solution  with  the  larger  AlBr3  content  had  the  higher  electri¬ 
cal  conductivity,  although  the  forms  of  the  curves  for  both  were  identical.  There  is  a  similar  type  of  curve  for  the 
three  remaining  systems. 


The  increase  of  die  electrical  conductivity  on  addition  of  alkali  metal  halides,  and  the  fact  that  the  dissolv¬ 
ing  ceased  when  the  ratio  between  die  alkali  metkl  halides  and  the  aluminum  or  antimony  halides  approached  unity, 
enabled  us  to  asrume  that  in  the  solutions  complexes  are  formed  which  contain  one  molecule  of  alkali  metal  halide, 
of  such  compositions  as;  NaCl*  AlC'y  NaCl*  AlBtj,  KBr*  AlBtj  and  SbBr,*  KBr.  We  did  not  exclude  tlie  possibility 
diat  molecules  of  solvent  enter  into  the  composition  of  a  complex. 

The  solutions  of  AlBr3”NaCl  and  AlBrj“KBr 
thickened  during  storage,  and  after  several  days 
they  were  transformed  to  gels.  At  first  these  gels 
were  transparent,  straw-yellow  colored  masses,  which 
after  several  days  were  converted  to  opaque  white 
gels.  After  a  series  of  measurements  was  made, 
the  solution  was  not  poured  from  the  vessel  used  for 
measuring  the  electrical  conductivity,  but  remained 
in  it.  where  from  time  to  time  the  electrical  con¬ 
ductivity  Was  checked.  It  Was  found  that  the  elec¬ 
trical  conductivity  of  the  ternary  systems  had  not 
changed  during  7 -10  days,  and  only  after  this  did 
it  begin  to  decrease...  . 

Solutions  of  AlClj—NaCl  and  SbBtj— KBr  did 
not  gel  completely  on  storage.  Thus,  experiments 
showed  that  gelation  was  characteristic  only  for 
solutions  containing  aluminum  bromide.  Experi'- 
ments  were  also  carried  out  on  solutions  of  AlBtj 
in  nitromethane  without  the  addition  of  alkali  metal 
salts.  Our  experiments  confirmed  Mezhennyi’s  ob¬ 
servation  that  solutions  of  AlBtj  in  nitromethane 
gel.  Simultaneously,  we  observed  a  phenomenon 
not  described  in  the  work  of  Mezhennyi,  namely  - 
Decomposition  voltage  of  nitromethane  solutions.  ly  ShBr,—  it  was  found  that  the  electrical  conductivity  of  solu- 
~KBr:  n)  Aldi^NaCl*  III)  AlBr3”NaCl;  IV)  AlBr5“KBr.  tlons  of  AlBr3  in  nitromethane  decreasss  strongly  with 

time,  and  it  decreased  more  rapidly  in  the  more 

concentrated  solutions.  It  is  possible  to  assume  heref'.at  gel  formation  is  related  to  the  continuouslprocess  of  chem¬ 
ical  reaction  of  aluminum  bromide  with  die  solvent. .  The  fact  that  the  electrical  conductivity  remains  constant 
in  the  ternary  systems  over  a  long  period  of  time  is  an  additional  indication  that  die  alkali  metal  halides  bind  AlBtj 
into  complexes,  and  therefore,  the  activity  of  its  interaction  with  the  solvent  diminishes. 


TABLE  1 


Change  of  the  Specific  Electrical  Conductivity  of  die  System  AlBr3“NaCl “Nitromethane  with  a  Change  of  the  Ratio 

NaCl*  * 

*’  .  AlBr3:  nitromediane-=  l;8.i4. 

AiBr3  j 


X*  1  ,  •  NaCl 

Molecular  ratio  ■ -  ■ 

AlBr, 

- ^ 

i 

0.169  1 

0.355 

0.506 

1.2 

K*  10*  0"^  cm"^ . 

1 

20.1 

1  25.5 

30.0. 

7—7=:  ! 

i  36.0 

41.5 

42 

TABLE  2 


Change  of  the  Specific  Electrical  Conductivity  of  the  System  AlBr3“NaCl  “Nitromethane  with  a  Change  of  the  Ratio 
NaCl 

AlBr3:  nitromethane  =  1;80.13 

‘s 


AlBr, 


w  1  ,  .  NaCl 

Molecular  ratio  t: 

AlBr, 

0.089 

0.522  . 

0.G53 

; - T 

i  0.780  j 

1  1 

- P 

0.864  ! 

1 

0.99:\ 

'  1.27 

K  •  10*  0  cm"^  .... 

i  10.63  i 

1  12.19  :  16.0  i 

18,58 

19.30 

20.66 

i  22.72  1 

26.45  ! 

28.52 

i  28.5 

•  In  Tables  1-5,  where  the  ratio  between  the  alkali  metal  halides  and  the  corresponding  halides  of  aluminum  or  anti¬ 
mony  is  larger  than  unity,  deposits  of  undissolved  salts  were  found  at  die  bottom  of  the  vessel. 
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table  3 


Change  of  the  Specific  Electrical  Conductivity  of  the  System  AlBrj“KBr"”Nitromethane  with  a  Change  of  the  Ratio 
KBr 

.  AIBtj*.  nitrome thane  =  1:  20.5 

AlBr^ 


X.  ,  ,  KBr 

Molecular  ratio  — " -  ■ "  • 

AlBr, 

i"  i 

0.214 

0.392 

I 

0.315 

!  0,750  ' 

1 

1,2 

K  •  10*  £2  cm"^ . 

.  .  i  16.8 

21.7 

I  26.0  ; 

1  32.0 

i  36.0 

42.1 

42.1 

TABLE  4 


Change  of  the  Specific  Electrical  Conductivity  of  the  System  AlClj“NaCl"‘Nitromethane  with  a  Change  of  the  Ratio 
NaCl* 


Aid, 


AlClj*.  nitrome  thane  =  1:7.43 


.  .  ,  ,  .  NaCl  ; 

Molecular  ratio  —  •  ■- 

AlCl,  ! 

0 

.  0.053  1, 

0.163  .. 

0.253, 

.0.505 

0.59 

1 

0.70  . 

1  1 

0.01 

1 

1.05 

1 

K  •  10*  cm*^  .  .  .  .  * 

6.8 

!  8.2  1 

20.^  1 

24,5 

29.5 

.  37.4  i 

40 

48 

1  50 

The  decomposition  voltage  of  the  ternary  system  was  also  studied.  We  used  the  usual  system  for  determining 
tlie  decomposition  voltage.  The  value  of  a  voltmeter  graduation  was  0.04  V  and  the  sensitivity  of  the  galvanometer 
was  1*  10"*  amp.  Measurement  was  made  at  room  temperamre  in  a  vessel  with  platinum  point  electrodes.  The  re¬ 
sults  of  the  measurements  are  presented  in  Table  6. 


TABLE  5 

Change  of  the  Electrical  Conductivity  of  the  System  SbBrj”KBr“"Nitromethane  with  a  Change  of  the  Ratio' 
SbBfj:  nitrome  thane  =  1:1.96 


KBr 


X4  1  1  .KBr  ! 

Molecular  ratio  — r—  ! 

SbBr, 

0 

;  0,311 

>•"'  '  ”1 
0.45  ‘ 

1 - 1 

0.55 

1  ■  ■  ■  ■  1 

0.67 

0.83 

1.05 

1.19 

K  •  10*  cm"^ . 

1.89 

11..9 

1  15.7 

18.7 

20.7 

21.7 

22 

22 

It  should  be  pointed  out  that  for  the  system  KBr“SbBrj  only  one  discontinuity  was  observed  on  the  curve  in  the 
region  of  0.6  V:  it  is  possible  that  this  decomposition  voltage  corresponds  to  the  decomposition  of  HBr,  which  might  be 
formed  ’  in  small  quantities  as  a  result  of  hydrolysis.  The  high  values  of  the  decomposition  voltage  for  systems  con¬ 
taining  an  aluminum  halide  enabled  us  to  assume  diat  alkali  metal  deposited  during  electrolysis  of  the  first  three 
systems.  The  electrolysis  experiments  confirmed  this. 


TABLE  6 


Decomposition  Voltage  of  the  Ternary  Systems 


Composition  of  the  solution 


!  Decompo¬ 
sition  voltage 

_ m _ 


Remarks 


“‘'*3 _ 

nitroinethane 

AlCl. 

9.5  ' 

1 

AlBr,  ^ 
NaCl 

nitromethane 

7.43 

’  AlCl,  ■ 

AlBr, 

1 

KBr 

nitromethane 

1.40’ 

AlBr,  ■  ^ 

SbBr, 

1 

KBr 

nitromethane 

1.96 

'  SbBr,  ■ 

4.0 


4.2 


5.1 


2.2 


*  A.  Ilchenko  participated  in  the  study  of  the 


Solutions  had 
deposits  of  in 
soluble  alkali 
metal  salts. 


electrical  conductivities 


The  electrolysis  was  carried  out  in 
a  U-shaped,  curved  tube  wifli  an  internal 
diameter  of  9  mm.  A  small  plug  of 

-  glass  wool  was  placed  in  the  bottom  of 
the  tube  as  a  diaphragm.  Platinum  wires 
embedded  in  stoppers,  sealed  in  glass 

-  tubes,  served  as  the  electrodes.  The  volt¬ 
age  of  the  battery  was  12  V,  and  die  cur¬ 
rent  strength  was  15  mA.  During  elec¬ 
trolysis  of  the  systems  AlBrj'“NaCl  and 
AlBtj—KBr,  the  liquid  around  the  anode 
turned  brown  as  a  result  of  the  bromide 
formed,  and  the  cathode  was  covered  with 
a  dense  deposit  of  antimony.  A  series  of 
experiments  on  the  electrolysis  of  the  sys¬ 
tems  AlBr,— NaCl  and  Aid,— NaCl  was 
carried  out,  and  the  duration  of  the 

of  the  systems  AlCl,— NaCl  and  AlBr,— KBr. 
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experiments  varied  from  1  to  3  hours.  After  completion  of  the  electrolysis  the  cathode  was  removed  and  washed  with 
dry  gasoline,  and  after  this  it  was  immersed  in  a  beaker  of  water.  Phenol phthale in  was  added  to  the  water  and  the 
alkali v\hich. formed  was  titrated.  In  some  experiments,  the  current  efficiency  for  sodium  was  20-25%,  During  elec¬ 
trolysis  of  the  systems  of  AlBrj—KBr  we  also  observed  die  deposition  of  metallic  potassium,  but  we  were  unable  to 
determine  the  current  efficiency,  since  an  explosihn  ^  occurred  during  the  removal  of  the  electrode  from  the  solution, 
and  a  large  portion  of  the  metallic  potassium  was  discarded  with  the  electrode.  The  electrode  was  washed  with  benz- 
.  ene  and  submerged  in  a  beaker  of  water  containing  phenolphthalein.  Thus,  the  deposition  of  potassium  during  the 
electrolysis  was  demonstrated  qualitatively.  The  electrolysis  of  systems  of  SbBr3”KBr  was  carried  out  in  small  beakers. 
Platinum  wire  served  as  the  anode,  as  in  previous  experiments,  and  a  plate  of  stainless  steel  with  a  surface  of  1.5  cm* 
served  as  t!;e  cathode.  The  battety voltage  was  4  V,  and  the  current  strength  was  15  mA;  the  cathode  was  covered 
with  a  black  deposit  of  antimony.  The  electrolysis  wrs  carried  out  for  1  hour.  The  current  efficiency  for  antimony 
was  80% 

SUMMARY 

1.  An  electrochemical  investigation  of  nitromethane  solutions  was  carried  out  for  the  systems  AlBrj—NaCl, 
AlBrj-KBr,  AlCl,-NaCl.,SbBr,-^Bt. 

2.  The  solubility  of  the  alkali  metal  halides  in  nitromethane  solutions  of  the  corresponding  aluminum  and 
antimony  halides  was  investigated.  The  electrical  conductivity,  decomposition  voltage  and  electrolysis  were  also 
studied. 

3.  On  addition  of  alkali  metal  halides  to  solutions  of  the  corresponding  halides  of  aluminum  and  antimony  in 
nitromethane,  the  specific  electrical  conductivity  of  the  solutions  increased. 

4.  The  alkali  metal  halide  ceased  to  dissolve  when  the  ratio  between  the  alkali  metal  halide  and  the  corres¬ 
ponding  halides  of  aluminum  or  antimony  became  equal  to  unity. 

5.  The  investigation  of  the  electrical  conductivity  and  the  solubility  indicated  the  formation  in  the  nitro¬ 
methane  solutions  of  complexes  such  as*.  NaCl*  AlClj,  NaCl-  AlBfj,  KbR-  AlBr,,  KBr-SbBrj, 

6.  During  electrolysis  of  solutions  containing  AlBrj“NaCl,  AlClj^NaCl,  sodium  deposited  at  tiie  cathode; 
during  die  electrolysis  of  solutions  of  AlBr,“KBr  metallic  potassium  deposited  at  the  cathode;  and  during  electroly¬ 
sis  of  solutions  of  SbBrj—KBr  antimony  deposited  at  the  cathode. 
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SILICO-ORGANIC  ESTERS  OF  PHOSPHORIC  ACID  - 
THE  TRIS(TRIALKYLSILYL) PHOSPHATES 

M.  G.  Voronkov 


The  silico -organic  esters  of  phosphoric  acid  -“the  iTis(trlalkylsilyl)phosphates  (RgSiO)]jPO  have  hardly  been  de- 
scrbedin  the  literature.  There  exists  only  a  brief  indication  [1]  that  the  formation  of  tris(trim^ylsilyl)phosphate 
[(CH3)3SiO]}PO  occurs  on  very  slow  distillation  of  hexamethyldisiloxane  over  a  small  amount  of  phosph(»ric  anhydride. 
It  should  be  pointed  out  that  the  silico -organic  esters  of  the  alkylphosphinic  acids  of  the  R3Si0(C2H50)P(=  0}C2Hg  type 
are  described  in  die  literature  [2,  3i  although  opinions  concerning  their  structures  differ. 

We  found  diat  the  tris(  trialkylsilyl)phosphates  were  formed  smoothly  in  yields  of  80%  of  the  theoretical  by  heat¬ 
ing  hexalk)ddisiloxanes  with  somewhat  of  an  excess  of  phosphoric  anhydride  for  a  relatively  short  time.  The  reac¬ 
tion  proceeds  according  to  the  scheme:  3R3SiOSiR3  2(R3SiO)3PO. 

The  rate  of  reaction  decreased  with  an  increase  of  the  length  of  the  radical  in  the  original  hexalkyldislloxane. 
The  tri^trialkylsilyl) phosphate  was  separated  from  the  reaction  mixture  by  vacuum  distillation.  By  such  a  method 
we  obtained  two  individual  silica-organic  esters  of  phosphoric  acid,  the  properties  of  which  are  given  in  the  Table. 


TABLE 

Tris(  trialkylsilyl)pho6phates 


(RgS10)3pO 

Boiling 

point 

Pressure 

fmm) 

m 

nfl 

nf— nj 

1  PQu  ccmteni 

c  C  in  %) 

calculated 

KCH3)3SiO],PO  1 
D:CjH5)3SiO]5PO  1 

231.8* 

97.0 

200.5 

166.5 

749.5 

11 

1 

j  0.9591 
]  0.9670 

J 

1.4089 

1.4457 

0.0076 

0.0083 

30.25,  30.16 

21.55,  21.58 

30.20 

21.55 

These  esters  are  colorless,  viscous,  practically  odorless  liquids.  They  are  hydrolyzed  by  the  action  of  aqueous  alkalL 
which  property  we  depended  on  as  the  basis  for  dieir  quantitative  determination.  The  rate  of  the  hydrolysis  reaction 
decreases  with  an  increase  of  the  lengdi  of  the  radicaL  The  tri^  trialkylsilyl) phosphates  are  irather  stable  thermally. 
Thus,  for  example,  tris(trimethylsilyl)ih^osphate  distills  without  decomposition  at  232*  at  atmospheric  pressure,  but 
tris(triethylsilyl)phosphate  distills  at  370*  almost  undecomposed. 

The  higher  hexalkyldisiloxanes  ■“(  n-C^)^i|P  and  (  n-<;|H9)^i/;)  —  also  react  smoothly  with  P  jPj. 

Tris(tri-n-propylsilyl) phosphate  and  tris(tri-n-butylsilyl)ihosphate  are  viscous  liquids  widi  boilii^  points  of 
215-22S*  and  260-270*,  respectively,  at  5  mm;  they  form  In  yields  of  about  55%  However,  their  separation  in  the 
analytically  pure  form  is  difficult  because  of  their  decomposition  during  distillation,  even  in  a  vacuum  of  1  mm. 

It  is  interesting  to  note  that,  on  vacuum  distillation  of  the  higher  tris(trialkylsilyl)phosphates,  die  formation  of  phos- 
I^orescent  decomposition  products  is  observed. 

EXPERIMENTAL^ 

The  initial  hexalkyldisiloxanes  were  obtained  by  reaction  of  hexachlorodlsiloxane  wldi  suitable  alkyl  magnes¬ 
ium  dilorides  according  to  the  scheme*  Cl,SiOSiCl3+  6RMgCl  RySiOSlR^-f  6MgCl*(B=CH^  ii"C3Hf, 
n-C4H,). 

After  purification  by  repeated  distillation  over  metallic  sodium  (hexamethyl-  and  hexaethyldisiloxane  —  in 
the  columiQ,  the  initial  hexalkyldislloxane  had  the  following  constants* 


*  N.  A.  Dmitrieva  participated  in  the  experimental  work. 
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B.p.  at  a  pres-  4?  njj 

sure  of  (  mm) 


(CH5),Sip .  100.4*  (760)  0.7636  1.3774 

(C^5)^ip .  236.3  (  760)  0.8443  1.4340 

(n-C^T)jSijO .  285.5  (760)  0.8419  1.4418 

(n-C4H,)5Si20 .  171.5  (4)  0.8396  1,4460 


Synthesis  of  tris(trimethylsilvl)trfiosphate.  In  a  round -botiomed  flask  equipped  wiih  a  ground-in  reflux  conden¬ 
ser  connected  to  a  wash  bottle  containing  concentrated  sulfuric  acid  and  a  thermometer,  we  placed  16.2  g(0.1  mole) 
cf  hexameth)4disiloxane  and  7.1  g  (0.05  mole)  of  phosphoric  anhydride.  The  mixture  was  boiled  for  approximately  2 
hours;  thus,  all  of  die  phosphoric  anhydride  in  solution  was  converted,  and  the  temperature  of  the  reaction  miifure 
rose  to  250*.  The  reaction  product,  a  colorless  liquid,  was  vacuum  distilled.  The  yield  of  iris(trimetiiylsilyl)i^os- 
phate,  with  a  b.p.  of  94-98*  (6  mm),  was  16.0  g(77%  based  on  the  original  hexamethyldisiloxane). 

After  redistillation,  the  substance  had  the  constants  given  in  the  Table.  The  literature  data  [1]  were;  b.p.  85- 
8T  (4  mm),  ng  1.4090. 

Synthesis  of  tris(triethylsilyl)phosphate.  24.7  g(0.1  mole)  of  hexaethyldisiloxane  and  5.2  g( 0.037  mole)  of 
phosphoric  anhydride  were  heated  gradually  to  330*.  Vacuum  distillation  of  the  reaction  mixture  gave  23.5  g(80f7o) 
of  tris(triediylsilyl)phosphate  widi  a  b.p.  of  200*205*  (12  mm). 

Analysis  of  the  tris(  trialkylsilyl)i^osphates  was  carried  out  by  titration  with  a  0.5  N  solution  of  NaOH  in  a  water 
or  water-alcohol  medium  ( indicator  —methyl  orange).  The  titration  was  made  in  the  presence  of  a  solution  —  "wi mess" 
—  containing  monosubstituted  sodium  phosphate.  The  analytical  data  are  given  in  the  Table. 

■  SUMMARY 

A  method  was  proposed  for  die  synthesis  of  the  tris(trialkylsilyl)phosphates  in  high  yields  by  reaction  of  die 
hexalkyldisiloxanes  with  phosphoric  anhydride. 
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OXONIUM  COMPOUNDS  OF  ESTERS  WITH  ORGANIC  ACIDS.  I. 


M.  Usanovich,  K.  Bilyalov  and  L.  Krasnomolova 

At  present,  it  is  well-known  diat  production  of  the  final  product  of  some  reactions  goes  through  the  forma¬ 
tion  of  intermediate  oxonium  complexes*  therefore,  the  setting  up  of  an  investigation  for  the  study  of  the  oxonium 
properties  of  different  substances  was  not  lacking  in  theoretical  as  well  as  in  practical  interest.  In  this  ccnmection, 
we  undertook  a  study  of  the  oxonium  properties  of  esters. 

We  studied:  the  ethyl  esters  of  formic,  acetic,  monochloroacetic  and  trichloroacetic  acids,  the  butyl,  amyl, 
and  cetyl  esters  of  acetic  acid,  and  the  amyl  ester  of  butyric  acid.  Choosing  these  objectives,  we  wanted  to  account 
for  the  effect  of  the  length  of  the  alkoxyl  radicals  and  the  nature  of  the  functional  groups,  on  the  oxmiium  properties 
of  the  esters.  We  chose  acetic,  monochloroacetic  and  trichloroacetic  acids,  which  differ  considerably  in  their  strengths, 
as  the  acid  components,  A  total  of  14  different  systems  widi  different  properties  was  studied. 

In  the  present  report  we  present  die  results  obtained  from  the  following  four  systems:  CH5COOC^'“CHjCCX3H. 
CHjCCXX:4H,”CHsCOOH,  CH,COOC5Hn“^|CCX3H  and  CjHrCOOCfiHn-CHaCCXXl.  The  densities  and  viscosities 
of  all  the  systems  were  studied,  and  the  vapor  pressures  of  the  first  three  were  studied. 

EXPERIMENTAL 

The  esters  that  we  synthesized  were  subjected  to  repeated  fractional  distillation.  The  best  fractions  were  dis¬ 
tilled  into  ampoules  in  a  special  apparatus  [1]. 

The  acetic  acid  was  purified  by  distillation  and  by  fractional  freezing  and  had  a  m,p.  of  +  16.67*. 

The  viscosity  was  measured  by  means  of  a  viscosimeter,  v\diich  is  described  in  a  report  [2]. 


TABLE  1 

CH3COOC  ^5  -CHjCOOH 

Percent  ester _  Viscosity  (in  centipoises)  1  Density  (  in  g/ml] 


mole 

25* 

40* 

60* 

25* 

I  0 

0 

1 

60* 

0.00 

0.00 

1.118 

0.905 

0.694 

1.0442 

1.0279 

1.0074 

10.20 

14.19 

0.970 

0.791 

0.618 

1.0210 

1.0045 

0.9831 

20.35 

27.27 

0.867 

0.707 

0.557 

0.9994 

0.9823 

0.9603 

30.37 

39.03 

0.771 

0.634 

0.503 

0.9825 

0.9642 

0.9436 

41.01 

50.50 

0.697 

0.579 

0.461 

0.9644 

0.9iTl 

0.9247 

49.79 

59.28  ' 

0.644 

0.538 

0.430 

0.9512 

0.9354 

0.9124 

60.06 

68.81 

0.582 

0.488 

0.393 

0.9379 

0.9197 

0.8933 

69.62 

77.08 

0.543 

0.454 

0.369 

0.9266 

0.9086 

0.8862 

79.71 

85.23 

0.499 

0.419 

0.342 

0.9141 

0.8961 

0.8731 

90.48 

93.31 

0.460 

0.388 

0.316 

0.9029 

0.8849 

0.8613 

100.00 

100.00 

0.424 

0.360 

0.295 

0.8914 

0.8741 

0.8505 

Measurements  of  viscosity  and  density  were  made  at  the  temperatures:  25,  40  and  6(r.  In  all  cases  the  mea¬ 
surements  were  made  with  freshly  prepared  mixtures . 

Measurement  of  the  vapor  pressure  was  made  by  the  dynamic  method.  For  measuring  the  vapor  pressure,  we 
placed  65-70  ml  of  die  liquid  to  be  studied  in  an  ebuUloscope.  The  ebullioscope  was  {provided  with  an  external 
jacket,  dirough  which  water  was  circulated  from  the  ultrathermostat.  The  boiling  points  were  measured  at  several 
pressures. 

The  partial  vapor  pressure  was  determined  at  60*.  The  composition  of  the  vapor  was  determined  from  the 
refrattive  index  of  die  condensate. 
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Starting  from  the  assumption  of  the  additivity  of  the  logarithms  of  the  viscosities  [3],  we  constructed  semi- 
bgarithmic  curves  of  the  viscosities  of  the  systems  studied. 

In  all  cases,  the  viscosity  was  expressed  in  centipoises,  the  density  in  g/ml,  and  the  vapor  pressure  in  mm  of 
Hg. 

1.  The  System  CH«COOC,H, -CH.COOH 

The  results  of  the  measurements  of  the  viscosities  and  densities  are  given  in  Table  1,  and  are  represented 
graphically  in  Fig.  1. 

As  is  evident  fromFig.  1.  the  isotherms  of  the  logarithms  of  the  viscosities  were  smooth  curves,  inclined 
convexly  toward  the  composition  axis. 


TABLE  2 

CHjCCXX;  ^5  -CHjCOOH 


Mole  °}o 

Temperature 

CH,COOC^c 

vapor  pressure  (in  mm  Hg) 

o:o  1 

41.2* 

1  ' 

j  .44.5* 

1 

i  .60.0* 

1 

.  64.1* 

1  i 

1  74.5* 

83.5* 

37 

1 

93 

110 

!  171 

1 

249 

.  21.4  ^ 

42.0* 

46.5* 

51.2* 

56.5* 

i  60* 

63.5* 

81 

100 

124 

155  i 

1  181 

198 

29.0  1 

47.0* 

50.0* 

53.5* 

56.5*  1 

60* 

62* 

137 

1 

159 

178  • 

203 

229 

251 

r  \ 

49,2  1 

i  52.5* 

58.0* 

60.0* 

62.5* 

67.5* 

71.0* 

238 

298 

321 

354 

427 

481 

67.0  1  1 

40.7* 

45.0* 

50.0* 

54.0* 

57.0* 

60* 

1  165 

199 

241 

282 

319 

360 

89.0  1 

46.0* 

50.0* 

52.6* 

56.2* 

60.0* 

63.7* 

j  251 

297 

331 

374 

419 

475 

f 

100.0  1 

45.5* 

'  48.5* 

53.0* 

58.0* 

60.0* 

63.5* 

250 

282 

i  337 

411 

444 

499 

The  specific  volume  isotherms  v«re  almost  straight  lines  (Fig.  1). 

The  results  of  the  vapor  pressure  measurements  are  presented  in  Table  2. 

The  total  vapor  pressure  isodierm  ( 60*)  (Fig.  1)  of  our  system  was  concave  toward  the  composition  axis,  i.e., 
the  total  vapor  pressure  values  of  die  system  were  greater  than  for  the  ideal  case. 

The  vapor  pressure  curves,  and  also  the  curves  of  the  other  properties  of  the  system,  reflect  chiefly  the  asso¬ 
ciation  of  acetic  acid,  and  do  not  give  a  definite  Indication  of  the  reaction  with  ethyl  acetate,  which,  however,  is 
not  excluded  by  these  data. 

2.  The  System  CH.COOC^H.  ~  CH.COOH 

The  results  of  the  measurement  of  the  viscosities  and  densities  are  presented  in  Table  3,  In  Fig.  2  are  given 
die  viscosity,  vapor  pressure,  and  specific  volume  curves. 

It  is  obvious  from  Fig.  2  that  the  viscosity  isotherms  were  complex  at  all  temperatures.  The  viscosity  isotherms 
were  in  almost  all  cases,  convex  toward  the  composition  axis,  and  only  in  concentration  ranges  rich  in  ester  (SO-lOO^yo), 
proceeded  as  curves  concave  toward  the  compositiai  axis.  Such  viscosity  isotherms  are  related.  In  the  present  system, 
to  the  superposition  of  processes  proceeding  in  opposite  directions  ~  the  dissociation  of  the  associated  component  and 
the  diemlcal  reactitxt. 

The  specific  volume  isotherms  (Fig.  2)  indicated  expansion  in  die  system.  It  is  obvious  from  die  specific 
volume  curve  that  die  decomposition  of  die  associated  acetic  acid  molecules  is  reflected  to  a  greater  degree  on  it 
than  is  die  reaction. 
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Fig.  1.  Viscosity,  vapor  pressure  ( composition  in  mole 
percent)  and  specific  volume  (composition  in  weight 
percent)  of  the  system  CH|COOC^5"*CH^OOH. 

TABLE  3 


Fig.  2.  Viscosity,  vapor  pressure  (composition  in  mole 
percent  and  specific  volume  (composition  in  weight  per¬ 
cent)  of  the  system  CH^C)OC4Hj“CH8CCX3H. 


CHjCOOC^H,  -CHjCOOH 


Percent  ester 


Viscosity  (in  centipoises) 


Density  (in  g/ml) 


mole 

weight 

25* 

40* 

60’ 

25" 

40" 

60" 

0.00 

0.00 

1.118 

0.905 

0.694 

1.0442 

1.0279 

1.0074 

10.25 

18.08 

1.003 

0.811 

0.634 

1.0062 

0.9914 

0.9711 

20.35 

33.06 

0.947 

0.767 

0.595 

0.9784 

0.9611 

0.9425 

29.89 

45.18 

0.887 

0.724 

0.568 

0.9559 

0.9437 

0.9202 

39.98 

56.29 

0.842 

0.685 

0.543 

0.9352 

0.9232 

0.9021 

49.07 

65.07 

0.811 

0.671 

0.527 

0.9247 

0.9090 

0.8898 

64.49 

77.83 

0.770 

0.630 

0.499 

0.9063 

0.8923 

0.8732 

80.15 

88.64 

0.729 

0.599 

0.478 

0.8905 

0.8754 

0.8581 

87.05 

92.86 

0.716 

0.589 

0.467 

0.8844 

0.8709 

0.8507 

88.86 

93.91 

0,723 

0.592 

0.467 

0.8830 

0.8693 

0.8497 

90.96 

95.11 

0.712 

0.583 

0.460 

0.8825 

0.8669 

0.8477 

93.15 

96.33 

0.698 

0.580 

0.457 

0.8808 

0.8710 

0.8473 

94.27 

96.95 

0.698 

0.580 

0.457 

0.8813 

0.8684 

0.8458 

96,05 

97.64 

0.696 

0.574 

0.457 

0.8776 

0.8624 

-0.8435 

97.79 

98.85 

0.686 

0.563 

0.450 

0.8760 

0.8627 

0.8432 

100.00 

100.00 

0.669 

0.555 

0.443 

0.8739 

0.8584 

0.8396 

Data  on  vapor  pressure  measurements  are  given  in  Table  4. 

The  relation  of  the  total  and  partial  vapor  pressures  to  the  composition  (Fig.  2)  is  characterized  by  the  negative 
slope  fromRaoult’s  Law. 
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The  total  and  partial  vapor  pressure  curves  passed  dirough  a  discontinuity  point.  Such  vapor  pressure  isotherms 
are  dsserved  in  systems  involving  chemical  interaction. 

Thus,  the  experimental  data  enable  us  to  assert  that  the  chemical  interaction  takes  place  in  the  system  butyl 
acetate  “acetic  acid.  The  system  does  not  conduct  the  electric  current. 


TABLE  4 


GH5COOC4H,  “CH  jCOOH 


Temperature 

0.0 

f! 

41.2* 

44.5* 

60.0* 

64.1* 

74.5* 

83.5* 

/  t 
''  1 

37 

45 

93  ! 

no 

171 

249 

9.9 

; 

40.0- 

61.5* 

58.5* 

60.0“ 

66.5* 

7a5* 

i 

33  1 

101 

89 

88 

118  i 

1  158 

19.9 

f 

56.0*  ! 

60.0*  ! 

69.0* 

75.0* 

48.5*  j 

i  53.2* 

i 

68  I 

'  84  ; 

131 

162 

48  j 

,  61 

40.0 

55.2*  1 

60.0*  j 

63.0* 

67.0* 

7a5*  i 

i 

64 

i 

93 

no 

134  i 

— 

60.0 

1 

39.0-  1 

47.2*  1 

54.5*  1 

1  60.0*  1 

65.5* 

i 

( 1 

1  ^ 

43  1 

61 

!  79 

1 

95 

72.9 

i  37.5* 

47.5*  i 

54.0* 

j  60.0* 

65.5* 

70,5* 

1 

28  ! 

44  i 

1  600 

77  ! 

94 

116 

85.0 

j 

43.0* 

!  48.5*  ‘ 

54.00* 

60.0* 

65.0* 

'  39 

51 

67 

76 

95 

- 

100.0 

} 

'  4a  0* 

48.5* 

55.00* 

60.0* 

65.0* 

70* 

i 

i  38 

45 

60 

74 

93 

114 

TABLE  6 


CjHjCOOCsHii  -CH^CX)H 


Percent  ester 

Viscosity  ( in  centipoises) 

Density  ( in  g/ ml) 

mole 

weight 

25* 

40* 

60* 

25* 

40" 

60" 

0.00 

0.00 

1.12 

0.905 

0.694 

1.0442 

1.0279 

1.0074 

10.13 

2^90 

1.06 

0.853 

0.662 

0.9917 

0.9745 

0.9547 

14.99 

31.74 

1.04 

0.836 

0.653 

0.9719 

0.9562 

0.9376 

20.07 

39.83 

1.02 

0.824 

0.644 

0.9558 

0.9424 

0.9232 

25.15 

46.97 

1.03 

0.827 

0.642 

0.9435 

0.9286 

0.9097 

30.14 

5^21 

1.03 

0.833 

0.645 

0.9323 

0.9182 

0.8990 

40.00 

6a73 

1.04 

0.833 

0.645 

.  0.9142 

0.9006 

0.8808 

49.99 

7Z49 

1.05 

0.846 

0.656 

0.8992 

0.8881 

0.8688 

60.18 

79.93 

1.07 

0.850 

0.657 

0.8886 

0.8756 

0.8559 

69.19 

85.55 

1.08 

0.859 

0.665 

0.8809 

0.9679 

0.8499 

80.40 

91.53 

1.08 

0.860 

0.661 

0.8721 

0.8594 

0.8418 

89.06 

95.54 

1.08 

0.861 

0.667 

0.8666 

0.8530 

0.8364 

94.59 

97.88 

1.07 

0.859 

0.664 

0.8632 

0.8507 

0.8330 

LOO.  00 

100.00 

1.07 

0.860 

0.664 

0.8599 

0.8480 

0.8317 

The  results  of  the  viscosity  and  density  measurements  are  presented  in  Table  6.  The  viscosity  and  specific 
volume  curves  are  represented  in  Fig.  3.  The  isotherms  of  the  logarithm  of  the  viscosity  passed  through  a  minimum, 
at  approximately  20-30  mol^*?)  amyl  butyrate,  and  through  an  indistinct  maximum.  As  we  have  already  pointed  out, 
such  isotherms  of  the  logaritlim  of  die  viscosity  indicate  the  presence  of  chemical  interaction  in  the  system.  The 
appearance  of  the  minimum,  obviously,  was  connected  with  the  decomposition  of  the  associated  acetic  acid  mole  - 
cules  under  the  influence  of  the  addition  of  a  second  component;  tiiis  leads  to  a  sharp  decrease  of  the  viscosity, 
masking  die  increase  due  to  the  interaction  of  the  components  of  die  system. 
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The  specific  volume  curve  (Fig.  3)  indicated  expansion  in  the  system.  Obviously,  the  decomposition  of  the 
associated  acid  molecules  is  reflected  to  a  greater  extent  on  it,  than  is  the  chemical  interaction. 

On  the  basis  of  what  has  been  presented,  it  can  be  stated  that  chemical  interaction  does  occur  in  the  system 
CjH|COOCjHu“CHiCOOH.  The  absence  of  electrical  conductivity  indicates  that  this  chemical  Interaction  is  not 
an  acid -base  interaction. 

4.  The  System  CH«COOCkH..  -CH.COOH 

The  results  of  the  measurements  of  viscosity  and  density  of  the  system  at  25,  40  and  60"  are  presented  in 
Table  6.  In  Fig.  4  are  the  viscosity,  vapor  pressure  and  specific  volume  curves. 


It  is  evident  from  the  curves  of  the  logarithms  of  viscosity  versus  the  composition,  constructed  from  the  data 
of  Table  6  (Fig.  4),  that  the  isotherms  of  the  logarithms  of  viscosity  pass  through  a  minimum  and  a  maximum.  A 
shift  of  the  maximum  and  minimum  toward  the  ester  side  occurs  at  elevated  temperatures. 


It  may  be  assumed,  from  the  course  of  the  iso¬ 
therms  of  the  logarithm  of  viscosity,  that  the  com¬ 
plexes  forming  in  the  system  are  unstable  and  are  sub¬ 
ject  to  decomposition  at  elevated  temperatures.  The 
specific  volume  isotherms  are  straight  lines.  Obvious¬ 
ly,  the  linear  nature  of  the  specific  volume  isotherms  is 
connected  with  the  mutual  compensation  of  the  chem¬ 
ical  interaction  and  the  decomposition  of  the  associated 
molecules. 


Fig.  3.  Viscosity  (composition  in  mole  percent)  and  Fig.  4.  Viscosity,  vapor  pressure  (composition  in  mole 

specific  volume  (composition  in  weight  percent)  of  percent),  and  specific  volume  (composition  In  weight 

the  system  CsHtCOCX^sHu^CH^CXXI.  percent)  of  the  system  CHjCOOC5Hu“CH3COOH. 

The  results  of  the  measurements  of  the  relation  of  boiling  point  to  pressure  are  presented  in  Table  7. 

The  isotherms  of  bodi  the  total  and  partial  vapor  pressure  (Fig.  4)  deviated  negatively  from  the  ideal  case. 
Thus,  it  can  be  stated  that  the  components  of  the  system,  amyl  acetate  “acetic  acid  react  chemically.  The  sys¬ 
tem  proved  to  be  electrically  non-conducting.  As  in  the  preceding  cases,  it  is  obvious  that  the  interaction  is  not 
of  an  acid -base  nature. 


SUMMARY 

1.  The  densities  and  viscosities  of  the  systems  CH/:OCX:^5“CHjCOOH,  CHjCOOC4H9“CHjCOOH, 
CHjCOOC^u“CH,COOH  and  C,H,COOC,Hii-CHiCOOH  were  studied  at  25.  40  and  60". 

2.  The  vapor  pressures  of  the  systems  CH/^OOC4Hj“CH^OOH,  CH|CCXX;^ii”CHjCOOH  and 
CH,COOC^,“CH,COOH  were  studied. 
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TABLE  6 


CH3COOC5Ha“CHjCOOH 


.  I  .  ,  I  ■-  I  . I  I  ■  .  ■  -  ■  ^  ^  I  . 

Percent  ester  Viscosity  (in  centipoises)  j  Density  ( in  g/ml) 


mole 

weight 

25* 

• 

o 

60’ 

25* 

40' 

60' 

0.00 

0.00 

1.118 

0.905 

0.694 

1.0442 

1.0279 

1.0074 

9.45 

18.45 

1.055 

0,853 

0.669 

1.0043 

0.9868 

0,9649 

20.18 

35.41 

1.049 

0.831 

0.613 

0.9740 

0.9560 

0.9340 

30.35 

48.58 

0.994 

0.799 

0.616 

0:9497 

0,9332 

0.9090 

40.48 

59.59 

0.978 

0.781 

0.603 

0.9278 

0.9122 

0.8905 

45.99 

64.86 

1.002 

0.797 

0.609 

0.9180 

0.9040 

0.8820 

51.17 

69.44 

1.006 

0.798 

0.609 

0.9090 

0.8965 

0.8760 

60.74 

77.04 

0.980 

0.777 

0.595 

0.8940 

0.8800 

0.8610 

69.57 

83.22 

0.974 

0.772 

0.589 

0.8840 

0.8700 

0.8525 

78.78 

88.95 

0.917 

0.734 

0.566 

0.8740 

0.8620 

:  0.8440 

89.12 

94.67 

0.881 

0.708 

0.547 

0.8680 

0.8550 

*  0.8370 

100.00 

100.00 

0.818 

0.663 

0.522 

0.8629 

0.8491 

!  0.8272 

TABLE  7 

CHsCOOCgHii  -CHjCOOH 

Mole  °}o  Temperature 


Ch\COOCsHn  I  vapor  pressure  (in  mm  Ha) 


- ! 

0.0 

41.2* 

44.5*  1 

60.0'  1 

64.1' 

74.5' 

83.5' 

37  j 

45  1 

93 

110  1 

1  171  j 

249 

19.9  1 

39.5'  i 

46.0'  ' 

50.7' 

55.7' 

60.0' 

64.5' 

31 

45  ! 

55 

69 

82 

98 

40.0  [ 

41.5* 

45.5' 

50.7' 

56.0' 

60.0' 

66.0' 

29 

37 

43 

56 

71 

94 

61.7  f 

43.0' 

49.5*  1 

55.0' 

60.0' 

64.5' 

- 

28 

39 

56 

62 

81 

— 

80.8  1 

42.0' 

47.5' 

56.5' 

60.0' 

63.7' 

- 

22 

35 

53 

56 

59 

— 

100.0  ^ 

45.0' 

51* 

56.0' 

60.0' 

63.0' 

- 

28 

36 

45 

49 

56 

* 

3.  In  the  systems  studied.  It  was  observed  that  die  interaction  was  intensified  in  proportion  to  the  increase 
in  length  of  the  alkyl  radical  of  the  alcoholic  part  of  the  ester. 
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OXONIUM  COMPOUNDS  OF  ESTERS  WITH  ORGANIC  ACIDS 


II.  THE  SYSTEM  CET  YL  ACETATE -ACETIC  ACID 


T,  Sumarokova  and  K.  Bilyalov 


Physico-chemical  analysis  of  systems  [1]  formed  by  esters  and  acetic  acid  showed  that  acetic  acid  reacts  with 
the  esters,  with  the  formation  of  associative  type  complexes;  thus,  it  was  proved  that  the  longer  the  alcoholic  radical 
of  the  ester,  the  greater  the  extent  to  which  the  interaction  occurred.  Continuing  the  systematic  study  of  die  oxon- 
ium  properties  of  esters,  we  felt  it  of  interest  to  study  the  behavior  of  acetic  acid  in  relation  to  an  ester  with  a 
possibly  longer  alcohol  radical.  We  selected  cetyl  acetate  as  the  ester  and  studied  the  viscosity  and  density  of  the 
system  CH8CC)OCi5Hj3— CHjCOOH  at  temperatures  of  40,  50,  60  and  70*. 

TABLE 


Percent  ester  Viscosity  t)  ( in  centipoises)  Density  ( in  g/ml) 


mole 

weight 

40° 

O 

O 

60* 

70* 

40* 

50° 

60° 

70* 

0.00 

0.00 

0.905 

0.767 

0.694 

0.607 

1.0279 

1.0162 

1.0074 

0.9958 

9.34 

32.91 

1.46 

1.25 

1,09 

0,966 

0.9583 

0.9487 

0.9385 

0.9280 

28.74 

65.79 

2.58 

2.13 

1.83 

1.59 

0.9019 

0.8911 

0.8839 

0.8755 

51.08 

83.33 

3.72 

2.99 

2.47 

2.12 

0.8734 

0.8649 

0.8570 

0.8499 

68.55 

92.34 

4.39 

3.50 

2.86 

2.37 

— 

— 

— 

00.00 

100.00 

5.01 

3.85 

3.20 

2.67 

0.8455 

0.8379 

0.8310 

0.8238 

The  cetyl  acetate  was  synthesized  by  a  method  described  earlier  [1].  For  purification,  the  cetyl  acetate  was 
vacuum  distilled  twice.  The  fraction  boiling  at  a  temperature  of  174-176*  and  at  a  pressure  of  12  mm,  was  collec¬ 
ted  and  subjected  to  fractional  freezing.  The  cetyl  acetate  had  a  m.p.  of  24*.  The  acetic  acid  was  purified  by  dis¬ 
tillation  and  by  fractional  freezing  and  had  a  m.p.  of  16.67*. 

Results  of  die  viscosity  and  density  measurements  are  given  in  the  Table. 

It  is  obvious  from  Fig.  1  that  the  viscosity  isotherm,  at  40°,  suggests  an  S-shaped  curve.  At  elevated  tempera¬ 
tures.  the  viscosity  isotherms  become  concave  toward  the  abscissa  along  their  entire  lengths.  Such  a  change  of  the 
viscosity  isotherm  is  apparently  connected  with  the  decomposition  of  associated  acetic  acid  molecules  at  elevated 
temperatures.  This  leads  to  die  fact  that  die  interaction  between  die  components  is  reflected  more  distinctly  on  the 
viscosity  isotherms  at  high  temperamres  (especially  at  70*). 

The  specific  volume  curve  (Fig.  2)  was  a  straight  line.  It  can  be  assumed  that  die  mutual  compensation  of  the 
processes  (chemical  interaction  and  decomposition  of  the  associated  acetic  acid  molecules)  occuning  in  the  system 
i  s  reflected  to  a  greater  extent  on  the  specific  volume  isotherms  than  on  die  viscosity  isotherms. 

,  .  SUMMARY 

1.  The  viscosities  and  densities  of  the  system.  CH^OOCijHjj— CHjCOOH,  were  studied  at  40,  50,  60  and 

70°. 

2.  It  was  found  that  interaction  occurs  in  the  system.  A  comparison  of  the  results  (detained  in  die  study  of  the 
behavior  of  acetic  acid  toward  ethyl  acetate,  butyl  acetate,  amyl  butyrate  and  amyl  acetate,  with  the  behavior 

of  acetic  acid  toward  cetyl  acetate,  showed  diat  interaction  occurs  to  the  greater  degree  in  the  system, 
CH,CCXX:,H„  -CH^CCXJH. 


V 


Fig.  1.  Viscosity  of  the  system,  cetyl  acetate—  Fig.  2.  Density  of  the  system,  cetyl  acetate  — 

—acetic  acid,  —acetic  acid. 

3.  We  confiimed  the  observations  made  earlier,  diat  the  longer  die  alcohol  radical  of  the  ester,  the  greater 
the  degree  to  which  interactico  occurs  between  the  acid  and  the  ester. 
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ISOMERIZATION  OF  METHYLC YCLOHEXANE  AND  ETHYLC YCLOHEXANE 


IN  THE  PRESENCE  OF  ALUMINUM  CHLORIDE  UNDER  PRESSURE  OF  HYDROGEN 


A.  F.  Plate,  L.  V.  Tarasova  and  P.  A.  Akishin 


We  showed  [1]  diat  cyclohexane,  at  a  high  temperature  and  under  pressure  of  hydrogen,  in  the  presence  of 
aluminum  chloride,  isomerizes  to  methylcyclopentane,  the  content  of  which  in  the  catalyzate  fraction  corresponding 
to  the  composition  C^Hj^,  amounts  to  5O.07o  in  experiments  carried  out  at  150*,  and  63.5*70  in  experiments  made  at 
200°.  Hydrogen  in  thiscase  inhibited  cracking. 

In  diis  investigation,  we  were  interested  in  the  relation  of  the  behavior  of  methylcyclohexane  and  ethylcyclo- 
hexane.  As  is  known,  at  temperatures  up  to  approximately  100*,  the  equilibrium  between  die  cyclohexane  and  the 
cyclopentane  hydrocarbons  of  the  compositions  C|Hj4  and  C^^^  is  shifted  practically  completely  toward  the  side 
of  tlie  cyclohexane  hydrocarbons  [2].  The  only  transformation  which  elhylcyclohexane  and  the  higher  homologs  of  cy¬ 
clohexane  underwent  was  disproportionation  of  the  side  chain,  as  a  result  of  which  polymethyicyclohexanes  formed. 
However,  at  elevated  temperatures  the  content  of  die  cyclopentane  hydrocarbons  in  the  equilibrium  mixture  increased. 
For  example,  Puchkov  and  Nikolaeva  [3J  diowed  that,  in  the  presence  of  molybdenum  disulfide  at  400*  and  at  a  hydro¬ 
gen  pressure  of  approximately  350-370  atm,  methylcyclohexane  was  isomerized,  and  formed  a  mixture  of  cyclo¬ 
pentane  hydrocarbons:  1,2-  and  1,3-dimethylcyclopentanes  and  some  ethylcyclopeniane.  However,  under  the  con¬ 
ditions  studied,  cracking,  with  formation  of  branched  paraffin  hydrocarbais,  was  very  significant. 

In  die  present  work,  we  showed  tiiat,  at  temperatures  of  150-250",  in  die  presence  of  aluminum  chloride,  and  «n- 
der  a  hydrogen  pressure  of  about  100  atm,  metiiylcycl<diexane  formed  a  mixture  of  1.1-,  1,2-  and  1,3-dimediyl- 
cyclopentanes,  in  which  the  1,3-dimethylcyclopentane  predominated.  At  250“,  elhylcyclohexane  formed  a  mixmre 
of  1,1-,  1,2-,  1,3-  and  1,4-dimetliylcycldiexanes  and  substituted  cyclopentane  hydrocarbons,  among  which  we  obser¬ 
ved  1,1,2-,  1,1,3-,  1,2,3-  and  1,2,4-trimethylcyclopentanes.  The  presence  of  1,1-dimediylcyclopentane,  1,1- 
dimethylcyclohexane,  and  also  1,1,2-  and  1,1,3- trimethylcyclopentanes  among  the  isomerization  products  enabled 
us  to  assume  that,  under  the  conditions  studied,  the  isomerization  was  definitely  similar  to  the  transformation  of  the 
homologs  of  cycloheptane  during  catalytic  dehydrogenation  on  platinum,  which  proceeds  evidently  [4],  throu^  die 
stage  of  formation  of  the  "semiiiisubstituted  homolog  of  cyclohexane, 

EXPERIMENTAL 

The  initial  hydrocarbons,  obtained  by  hydrogenation  of  toluene  and  ethylbenzene  with  a  selective  nickel 
catalyst  under  pressure,  had  the  following  properties: 

Methylcyclohexane:  b.p.  101.5*  (760  mm),  n§  1.4230,  d?  0.7692.  Literature  data  [5]*  b.p.  100.93"  (760  mm), 
nfi  1.42312,  df  0.76939. 

Ethylcyclohexane*  b.p.  130.2"  (760  mm),  nfj  1,4356.  Literature  data  [51  b.p.  131.78*  (760  mm),  nJJ  1.  43304, 
0.78792. 

The  initial  ediylcyclohexane  contained  traces  of  ediylbenzene,  from  which  it  was  not  freed,  since  in  iso¬ 
merization  with  aluminum  chloride  a  small  quantity  of  aromatic  hydrocarbons  was  not  only  unharmful,  but  also 
inhibited  the  cracking  reaction. 

The  isomerization  was  canied  out  in  a  150  ml  revolving  autoclave  (40  r.p.m.)  of  stainless  steel.’  36  g  of  die  hyd¬ 
rocarbon  and  5  g  of  technical  alumimim  chloride  were  charged  into  the  autoclave,  after  which  hydrogen  was 
supplied,  and  the  autoclave  was  heated  rapidly  to  die  reaction  temperature.  After  suitable  exposure  at  the  required 
temperature,  it  was  quickly  cooled  to  0". 

Experiments  with  isomerization  of  methylcycldiexane  was  carried  nut  at  150,  200 

and  250*,  and  at  an  initial  hydrogen  pressure  from  70  to  120  atm.  After  washing  the  catalyzate  with  solutions  of 
soda  and  water,  and  drying,  we  distilled  it,  using  a  column  with  an  ef^ciency  of  30  dieoretical  plates.  As  an  exam¬ 
ple,  in  Table  1  we  present  the  results  of  the  distillation  of  the  catalyzate  obtained  at  200*. 
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TABLE  1 

Results  of  the  Fractional  Distillation  of  the  Catalyzate  of  Methylcyclohexane 


Fraction 

Boiling  point 

Yield 
( in  vol.  ‘7o) 

nB 

df 

Critical  temperature  of 
solution  in  aniline 

1 

To  88.5* 

7.8 

- 

- 

■" 

2 

88.5-89.5 

}“•’{ 

1.4089 

0.7398 

50.9* 

3 

89.5-90.7 

1.4091 

0.7427 

49.8 

4 

90.7-99.0 

10.0 

- 

- 

- 

5 

99.0-100.5 

52.3 

1.4222 

40,4 

Residue 

10.2 

- 

- 

From  a  consideration  of  the  indices  of  refraction,  specific  gravities,  and  especially,  the  aniline  points,  it 
followed  that  the  2nd  and  3rd  fractions  were  mixtures  of  cyclopentane  hydrocarbons,  and  did  not  contain  paraffin 
hydrocarbons,  but  the  5th  fraction  corresponded  to  the  initial  methylcyclohexane.  From  distillation  data,  it  is  poss  - 
ible  to  estimate  rou^ly  the  content  of  the  cyclopentane  bomologs  in  the  catalyzate. 

In  Table  2  we  {xesent  the  results  of  experiments  on  the  Isomerization  of  methylcyclohexane  at  different  tem¬ 
peratures. 

TABLE  2 


Isomerization  of  Methylcyclohexane 


Expt. 

No. 

Tempera¬ 

ture 

Initial 

pressure 

(atm)  . 

1  Length  of  time 
of  experiment 
(hours) 

Yield  of 
liquid  pro¬ 
duct  ( fo) 

Composition  of  isomerization  products  (%) 

head  CtH.,  . ,  dimetiiylcyclopentane 

'  ^  residue  - 

fraction  fraction  content  in  CtHtA  fraction 

19 

150* 

..  120 

3.5 

87.2 

12.6 

j  77.8 

9.6 

;  23.5 

18 

200 

70 

0.5 

87.0 

i  7.8 

82.0 

10.2 

I  30.1 

17 

250 

110 

0.5 

78.6 

i  14.4 

1  61.4 

24.2 

1  45.1 

Thus,  die  content  of  cyclopentane  hydrocarbons  in  the  catalyzate  obtained  at  250°  was  28^4  whereas  that  of 
the  catalyzate  obtained  at  200*  was  QSPjo,  and  at  150*  only  IB^a  It  should  be  noted  that  the  isomerization  ot 
methylcyclohexane  was  accompanied  to  a  greater  degree  by  side  reactions  than  was  die  isomerization  of  cyclo¬ 
hexane  [2J. 

Because  of  their  small  qiiantities,  the  fractions  obtained  from  experiments  carfied  out  under  different  con¬ 
ditions.  but  having  identical  boiling  points,  were  combined  and  analyzed  optically  by  means  of  their  Raman  spectra. 
The  apparatus,  materials,  methods  of  exposure,  of  interpolation  and  '  of  calculation  were  described  earlier  [6]. 
Below  are  presented  the  spectra  for  the  fractions  with  b.p.  of  88.5-89,5*  and  with  a  b.p.  of  89.5-90.7*.  In  paren¬ 
theses  after  the  frequencies  are  given  the  degrees  of  blackening,  a&  determined  from  the  photomicrographs  (dis¬ 
tance  from  die  peak  of  the  line  to  the  background  of  die  plate).* 

Spectrum  of  the  88.5-89.5*  fraction.  A  v  cm"^;  257(4);  306  (3);  350  (4);  426  (4);  497  (11);  527  (  8);  547  (  0); 
561(11);  590(4);  726(6);  769(13);  805(15);  828  (17>,  862(3);  886(0);  895(14);  956(9)01;  984(14);  1026-1041 
(8ydl;  1082(14);  1099  (  22);  1144  (20>,  1341-1360(10)01;  1447-1460(34)  w.  dl. 

Spectrum  of  the  89.5- 90.T  fraction..  Av  cm"S  257  (4);  w,  dl;  350  (2);  426  (3);  497  (15);  514-527  (lO)dl; 
550-561  (5)dl;  605  (5>,  769(15)w,  dl;  805(17);  828  (16>,  862(5);  895(14);  956(7)dl;  984(12);  1030  (  5)w;  dl; 
1080(14);  1099(19);  1140-1152 (19) dl;  1230  (  2>.  1293(11);  1311(10);  1341-1360  (12) dl;  1460  (34)w,  dl. 

A  comparison  of  die  spectra  of  the  fractions  with  literature  data  on  the  spectra  off  the  dimethylcyclopentanes 
[7,  8],  and  a  con^arison  of  the  constants  of  these  fractions  (Table  1)  with  the  constants  of  the  cyclopentane  hydro¬ 
carbons  vtidi  the  general  formula  (Table  3),  enabled  us  to  assume  that  both  fractions  contained  the  stereoiso¬ 
mers  1,3-dimethylcyclopentane,  trans-l,2-dimediylcyclopentane  and  1,1-dimethylcyclopentane.  The  presence  of 


•  For  the  spectra,  the  following  abbreviations  are  used;  w— vtide  line  (band);  d— diffuse;  s  —sharp;  dl  — double 
line  (close  doublet);  ^line  in  the  background  of  ccxisiderable  intensity. 
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paraffin  hydrocarbons,  which  could  be  formed  in  appreciable  quantities  as  a  result  of  the  rupture  of  the  ring,  was  ex¬ 
cluded,  since  they  were  absent  from  the  strongest  analytickl  lines  [8,  9,  10],  and  since  the  aniline  points  of  the  frac¬ 
tions  corresponded  to  the  aniline  points  of  the  cyclic  hydrocarbons. 


TABLE  3 

Properties  of  the  Dimethylcyclopentanes  [5] 


Hydrocarbon  | 

i 

Boiling  1 

point 

"3  ' 

1  CI4 

•  Critical  temperature  of 
solution  in  aniline 

1,1 -Dime  thylcyclopentane 

87,84* 

1.41357 

j 

0.75448 

45.0* 

trans-1, 2-Dime  thylcyclopentane 

91.87 

1.41199 

0.75144 

46.7 

cis-1, 2-Dime  thylcyclopentane 

99.53 

1,4221 

0.77262 

47.8 

trans-1, 3-‘Dimethylcyclopentane 

90.77 

1.40891 

0.74479 

49.9 

c  is  - 1, 3 -Dime  th  ylcyclopentane 

91.9 

1.4111 

0.7488 

— 

On  the  basis  of  the  intensities  of  the  analytical  lines  of  the  pure  hydrocarbons  [1,3-dimetliylcyclopentane; 
514(13)  and  828(28);  1,1-dimethylcyclopentane;  562  (  20)*,  and  trans-1.2-dimethylcyclopentane:  497  (  35)  and  896 
(34)-j  and  die  degree  of  blackening  of  the  corresponding  lines  in  spectra  of  the  fractions,  and  by  a  consideration  of 
the  relative  quantities  of  the  fractions,  an  approximate  calculation  of  the  quantitative  composition  was  made.  It 
was  found  diat  in  the  mixture  of  the  cyclopentane  homologs  there  was  approximately  55*55)  1,3-dimethylcyclopentane 
approximately  25*70  tians-l,2-dimethylcyclopentane,  and  about  20*55)  1,1-dimethylcyclopentane. 

Moreover,  in  fraction  5,  according  to  its  boiling  point,  there  could  be  both  cis-l,2-dimethylcyclopentane 
(Table  1),  and  unaltered  methylcyclohexane;  however,  the  aniline  point  of  this  fraction (40.4*)  agreed  with  that 
for  pure  methylcyclohexane  (40.3“),  and  differed  greatly  from  that  for  ciS“l,2-dimethylcyclopentane  (47.8*).  As 
to  the  analysis  of  the  spectral  data  for  the  2nd  and  3td  fractions,  although  the  spectrum  of  cis-l,2-dimethylcyclo- 
pentane  was  close  to  the  spectrum  of  the  corresponding  trans-isomer,  the  strongest  line  in  the  spectrum  of  cis-l,2-di- 
methylcyclopentane,  Av  888  (  38),  was  observed  at  the  edge  in  the  spectrum  of  the  88.5-89.5*  fraction,  but  it  was 
absent  from  the  spectrum  of  the  89.5-98.7*  fraction.  Hence,  we  concluded  that  if  cis-l,2-diniethylcyclopentane 
also  was  present  in  the  catalyzate,  then  it  was  in  a  negligible  quantity. 

We  mrn  our  attention  now  to  the  presence  of  1,1-dimethylcyclopentane  in  the  catalyzate,  in  spite  of  the  fact 
that  at  the  lower  temperatures  it  readily  and  completely  Isomerizes  to  methylcyclohexane  [11]. 

The  isomerization  of  efriylcyclohexane  was  carried  out  only  at  a  temperature  of  250*,  and  at  an  initial  hydro¬ 
gen  pessure  of  110  atm.  As  a  result  of  duee  parallel  experiments,  150  g  of  hydrocarbon  was  treated  in  the  presence  of 
15  g  of.  aluminum  chloride.  The  duration  ,  of  the  experiment  was  30  minutes.  After  washing  and  drying,  125  g 
of  hydrocarbons  was  obtained. 

Since  during  die  isomerization  of  ethylcyclohexane  a  complex  mixture  of  isomers  might  form,  which  is  im¬ 
possible  to  analyze  by  means  of  only  one  distiUatlon,  the  isomerizate  was  subjected  to  a  preliminary  catalytic  de¬ 
hydrogenation  at  300*,  according  to  Zelinsky,  in  the  presence  of  a  platinum-iron  catalyst  [12],  axid  at  a  volume 
rate  of  0.9.  A  total  of  80  g  was  dehydrogenated.  After  dehydrogenation,  the  index  of  refraction  of  die  catalyzate 
was  nfi  1.4599.  Repeated  passage  of  a  small  portion  of  the  pimary  catalyzate  over  the  catalyst  led  to  only  neg¬ 
ligible  increases  of  the  index  of  refraction.  The  aromatic  hydrocarbons  which  formed  as  a  result  of  the  dehydrogena¬ 
tion  of  the  cyclohexane  homologs  were  separated  by  Tsvet's  chromatographic  method.  ,  with  the  use  of  silica  gel 
as  the  adsorbent.  From  68  ml  we  obtained  36  ml  of  aromatic  hydrocarbais  and  18.5  ml  of  cyclopentane  hydro¬ 
carbons  and  1.1-dimethylcyclohexane.  The  remaining  cyclanes  were  distilled,  and  the  fractums  cditained  had  the 
properties  listed  in  Table  4. 

The  Raman  spectra  of  the  fractions  with  b.p.  of  107-116*  and  b.p.  of  116-120.2*  were  studied.  These  spectra 
are  pesented  below. 

Spectrutn  of  the  10*;^rll6*  fractiCBU  Ai;  cm"^:  257  (4)d,  b?  340  (3.5)d,  b;  411(6)  d,  w?  493(17);  528  (14)  dl? 
570  (4)<J*,  603(4)d{  706 (5)d.  746 (4>.  769(22)s*  792(6)bt  811(13)b;  875(6);  886(3);  938  (11);  966(3)*  992(5); 
1026(3)b;  1057  (  3)b*,  1101(16)b,  1157(18)w;  1188(16.5>,  1226(5);  1287  (9);  1307(10);  1346(13);  1380(9);  1408(4); 
1460  (40)w. 

Specttum  of  the  116-120.2:  fraction.  Av  cm'^;  322  (3)b;  357  (  2);  406  (5)d*,  430  (5)d;  460  (4);  492  (5,  5); 
523(7);  557  (8);  603(3)d;  646  (  4);  681  (0>,  704(26)s;  746(10);  769(12);  808(4);  827  (11,  5);  850(4>,  871(3); 

890(2,  5);  912(4,  5);  938(6,  5);  960  (  6);  988(6);  1026  (ll)d;  1079  (12)W;  1095  (13)w;  1133-1144  (14)dl,  b;  1192  (17>. 
1246  (  5>,  1266(5);  1296(12)w;  1353(12)w;  1382(4);  1451(38). 
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TABLE  4 


TABLE  5 


Boiling  point 

Quantity  1  «)  ■ 

(ml)  ;  "D  :  'i. 

Aniline 

point 

Tol07* 

'5  '  -  ,  - 

— 

107-116  ; 

j  8.5  1 1.4118' 0.7499 

56.8* 

116-120.2  ! 

1 

1  3.0  '  1.41941 0.7637 

'  !  i 

50,1 

Residue  i 

j  1.0  ■  -  j  - 

— 

Fraction 

1  Boiling  point 

■  Quantity 

(ml) 

nS 

1 

'  50-100° 

0.2 

1.4664 

2 

'  100-128 

1.8 

1.4611 

3 

1  128-140 

26.1 

1.4959 

4 

j  140-150 

4.S 

1.5020 

Residue 

j 

1.6 
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A  comparison  of  tliese  data  with  the  spectra  of  die  octane,  dimethylcyclohexane  and  trimethylcyclo^ntane 
hydrocarbons  [7-11,  13’]  showed  that  die  chief  components  of  the  107-116°  fraction  were  the  l‘^,2\4^-,  1,1, 3i",  and 
l^,2*„3‘^-trimethylcyclopentanes.  The  116-120.2°  fraction  also  consisted  mainly  of  trimethylcyclopentanes  ( more 
likely  1^,2^4^-,  l‘^,2^3^-,  l‘^,2^,3^-,  l‘^,2*^,3^-  and  1,1,2-trimethylcyclopentanes),  but  apart  from  this,  1,1 -dimethyl - 
cyclohexane  was  present  in  considerable  quantity  in  the  ftactions.  The  1,1- dime diylcyclohexane  content  In  these 
fractions  was  determined  by  the  internal  standard  method.  In  the  spectrum  of  the  fraction,  the  ratio  of  the  intensity 
of  the  704  cm**  line  to  tire  intensity  of  the  669  cm"*  of  chloroform  was  measured  photometrically,  added  to  a  de¬ 
finite  quantity,  and  on  the  basis  of  dau  [8J  on  the  intensity  of  the  706  cm"*  line  in  the  spectrum  of  pure  1,1-di- 
methylcyclohexane,  its  content  in  the  fraction  was  calculated  as  about  ZVjo. 

The  aromatic  hydrocarbons  which  were  formed  by  the  dehydrogenation  of  the  cyclohexane  homologs  (with  ad- 
mlxmreof  a  certain  quantity  of  roughly  separated  cyclopentane  hydrocarbons)  were  distilled  into  fractions  represcn- 
u^d  in  Table  5. 

In  the  1st  and  2nd  fractiras,  the  presence  of  a  small  quantity  of  toluene  and  benzene  is  possible.  The  3rd  and 
4th  fractions  represent  a  xylol  fractitm.  They  were  combined  (njj  1.4968,  0.8652),  after  which  on  one  portion 

the  Raman  spectrum  was  determined,  and  the  odier  was  oxidized  by  an  alkaline  solution  of  permanganate.  From 
the  oxidation,  a  very  small  quantity  of  benzoic  and  o-phthalic  acids,  a  certain  quantity  of  terephthalic  acid,  and  a 
large  quantity  of  isophthalic  acid,  were  obuined.  The  two  latter  acids  were  identified  by  conversion  to  the  corres¬ 
ponding  dimethyl  esters. 

The  spectrum  of  the  aromatic  fraction  with  a  b.p.  of  128-150*  is  presented  below. 

Spectrum  of  the  128-150°  ftacUon.  An  cm“*t  177  (2)b.  202  (  2)br  233  (  2)w,  b;  257  (1>,  277  (  2)b?  313  (3, 5) w, 
386(0)?  402  (2)d,  w*  460(6):  482(2):  507(1);  518  (  7):  535  (10>,  583(5);  621(3);  644(5):  671(3);  702(2)dl;  726 
(16);  737(10):  770  (5):  811(7):  827(14);  846(10>.  893(3)d;  945(6);  968(3)w:  1001(22):  1033(9):  1054(10): 

1094(4)d;  1152 (7)w:  1170(5)b:  1183(5)b;  1205(15);  1224(7);  1251(12);  1267(5.  5);  1290(3)W;  1317(2);  1346 
(1,  5);  1380(16,  5);  1451  (8)w,  d;  1583-1590  (  6)dl;  1605-1617  (20)dl. 

From  the  data  on  the  most  characteristic  lines  £14],  we  identified  o-,  m-  and  p-xylenes  and  ethylbenzene.  A 
quantitative  determination  of  these  hydrocarbons  was  carried  out  by  a  rigorous  photonietric  method,  vdih  the  use 
of  the  following  analytical  lines:  P^yl®*i®459  (  200)  and  829  (410),m-;ylehe.  538  (  229),&xylend  582(21^,  and  ethyl¬ 
benzene  622(47). 

The  composition  of  the  128-150*  fraction  showed  the  following;  o-xylene  l&’jo.  m-xylene45‘7<vi>xylene  2Q% 
ethylbenzene  19‘7a 

Thus,  the  initial  ethylcyclohexane,  on  reaction  with  aluminum  chloride  at  250°,  was  converted  to  a  mixture 
of  hydrocarbons  wifli  approximately  flie  following  composition:  12‘5'a  unaltered  ediylcycldiexane,  3%  1,1-dimethyl- 
cyclohexane,  10%  l,2^dimethylcyclohexane,  13%  1,4-dimeihylcycldiexane,  30%  1,3-dimethylcycldiexane,  20% 
cyclopentane  hydrocarbons  (among  them  1,1,2-,  1,1,3-,  1,2,3-  and  1,2,4-trimethylcyclopentanes),  and  12%  hydro¬ 
carbons  of  higher  and  lower  molecular  weights  than  die  initial  ethylcyclohexane. 

SUMMARY 

The  isomerization  of  mediylcyclohexane  and  eihylcycldiexane,  in  die  presence  of  aluminum  chloride  and 
hydrqgen  at  elevated  temperatures,  and  at  an  initial  hydrogen  pressure  of  about  100  atm,  was  studied.  The  cata¬ 
lyzates  of  mediylcyclohexane  included  a  mixture  of  cyclopentane  hydrocarbons  approximately  in  the  quantity? 
at  150*  — 18%  at22p*  —  25%  and  at  250*  “  28%  The  1,3-isomer  predominated  in  the  mixture  of  1,1-,  1,2-  and 
1,3-dimediylcyclopentanes  obtained. 
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The  catalyzate  obtained  at  250°  from  ethylcyclc^exane  contained  about  20%  cyclopentane  hydrocarbois 
(1,1,2-, 1,1,3“,  1,2,3-  and  1,2,4-trimethylcyclopentanes)  and  approximately  12%  unaltered  ethylcyclohexane,  30% 
1,3-dinietkylcyclohexane,  13%  1,4-dimethylcyclohexane,  10%  1,2-dimethylcycldiexane  and  3%  1,1-dimethylcyclo- 
hexane. 
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CATALYTIC  AMINATION  OF  ORGANIC  COMPOUNDS 


II.  CATALYTIC  AMINATION  OF  PHENOLS 

N.  S.  Kozlov  and  L.  F.  Akhmetshina 


The  catalytic  amination  of  phenols  by  ammonia  is  of  great  interest  from  bodi  the  theoretical  and  practical 
points  of  view.  The  replacement  of  the  inactive  phenolic  hydroxyl  group  by  the  amino  grotp  has  been  very  in¬ 
adequately  studied,  but  the  primary  aromatic  amines  produced  by  this  reaction,  as  is  known,  are  of  very  great  prac- 
tcal  value. 

All  attempts  to  replace  the  hydroxyl,  group  of  the  phenols  by  the  amino  group,  by  the  action  of  ammonia  on 
phends  at  ordinary  pressures,  in  the  presence  of  different  catalysts,  have  been  almost  entirely  unsuccessful  [1],  or  have 
given  amine  yields  of  10-12%  on  the  basis  of  the  amount  of  phenol  reacting  £2J.  Only  by  carrying  out  these  reac¬ 
tions  with  compressed  ammonia,  were  we  able  to  increase  die  amine  yield  to  80%  Among  the  different  oxides 
which  were  used  as  catalysts  in  these  reactions,  the  most  active  proved  to  be  aluminum  oxids  [3].  This  reaction  has 
been  used  for  the  amination  of  die  phenols  from  coal-tar  fractions  [4j,  and  in  recent  years  has  been  reflected  in  a 
nimber  of  patent  claims  [5]. 

This  reaction  was  further  studied  in  he  present  work.  As  the  catalyst,  we  laed  commercially-produced,  active 
aluminum  oxide,  i.e.,  a  catalyst  of  die  standard  type.  The  amination  reaction  was  studied  at  different  temperatures 
and  ammonia  pressures.  The  following  phenols  underwent  aminatiom  phenol,  o-  and  p-cresol,  m-xylenol,  o-hydr- 
oxydiphenyl  and  thymol.  The  two  latter  compounds  had  not  been  subjected  to  amination  until  now. 

The  method  of  our  investigatioTis  included  the  following*,  the  experiments  were  carried  out  in  a  somewhat  im¬ 
proved  apparatus,  as  compared  with  that  which  was  described  earlier  in  the  work  of  one  of  us  [3].  Phenol  vapors 
were  passed  at  a  controlled  rate  over  a  heated  catalyst  in  a  current  of  compressed  ammonia.  The  catalyst  was 

TABLE  1 

Relation  of  Aniline  Yield  to  the  Ammonia  Pressure.  Temperature  475*?  rate  of  passage  of  phenol —  6  dropis  pet  minute 


Quantity  of  Pressure  of  Yield  (g)  _ !  Aniline  yield  ( fo)  based  on  phenol 


phenol (g) 

ammonia  ( atm) 

aniline 

phenol  ! 

taken 

reacting 

13 

9.5 

10.2 

1.2  ' 

79.3 

;  88.3 

13 

7.0  i 

1  9.0 

1  1.0  I 

70.0 

i  '75.8 

18 

i  6.0 

4.0 

12.3 

22.5 

j  71.00 

18 

;  1.0 

3.0 

14.0  i 

i  16.8 

1  76.00 

processed  by  the  usual  methods,  the  amines  were  separated  with  a  solution  of  hydrochloric  acid,  and  the  unreacted 
phenols  were  separated  by  a  solution  of  alkali.  The  amines  were  studied?  no  secondary  or  tertiary  amines  were  found 
among  diem?  the  primary  amines  were  characterized  by  their  acetyl  derivatives,  and  also  by  their  physical  constants. 
The  relation  of  the  aniline  yield  to  the  temperature  and  to  the  ammonia  pressure  in  the  reaction  zone  was  established. 
The  data  that  we  obtained  are  presented  in  Tables  1  and  2. 

The  data  of  Tables  1  and  2  show  that,  the  higher  die  ammonia  pressure  in  the  reaction  zone,  the  larger  the 
aniline  yield.  The  largest  aniline  yield  was  observed  at  475*.  It  should  be  noted  that  the  catalyst  retains  its  activity 
for  about  20  hours,  after  which  it  may  be  regenerated.  At  500"  the  catalyst  rapidly  loses  its  activity  because  of 
coking. 

In  the  amination  of  13  g  of  o-cresol  at  475*,  at  an  ammonia  pressure  of  9  atm,  and  at  a  rate  of  passage  of 
o-cresol  of  6  drops  per  minute,  we  obtained  7.5  g  of  o-toluidine  with  a  b.p.  of  198-202*  (d^  0.999,  nfj  1.5728, 
acetyl  derivative,  b.p.  109*)  and  2  g  of  unaltered  o-cresol.  The  yield  of  o-tbluidine  was  62.11%  on  the  basis  of  the 
amount  of  o-cresol  taken,  or  73.5%  on  the  basis  of  the  amount  of  o-cresol  reacting. 
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TABLE  2 

Relation  of  the  Aniline  Yield  to  the  Reaction  Temperature 


Rate  of  passage  of 


Aniline  vield(«!&hased  oi  plie'nd 


'henol  ( g) 

sure  (atm) 

ture  of  expt. 

phenol  ( drops  per  min) 

1  aniline 

i  phenol 

taken 

reacting 

Similar  results  were  also  obtained  for  the  amination  of  p-cresol.  By  the  amination  of  m-xylenol  at  475“,  at 
an  ammonia  pressure  of  7  atm,  and  a  rate  of  passage  of  m-xylenol  of  8  drops  per  minute,  we  obtained  m-xylidene 
in  a  yield  of  40.3%,  on  the  basis  of  the  amount  of  m-xylenol  taken,  or  63*70  on  the  basis  of  the  amount  of  m-xylenol 
reacting. 

Interesting  data  were  obtained  by  the  amination  of  thymol.  Thus,  we  obtained  10  g  of  amines  by  amination 
of  23  g  of  thymol  at  475*,  at  a  rate  of  passage  of  10  drops  per  minute,  and  at  an  ammonia  pessure  of  10  atm.  The 
following  results  were  obtained  by  fractionally  distilling  die  amines*.  1st  fraction,  to  200*,  1.5  g;  2nd  fraction,  200- 
204*,  7.0  g(cif  0.9864  and  ng  1.570U);  3rd  fraction,  204-240*,  1.0  g.  For  the  poduct  of  the  2nd  fraction,  we  ob¬ 
tained  an  acetyl  and  a  phdialic  derivative,  which  corresponded  to  these  derivatives  of  m-toluidine.  The  formation 
of  popjdene  was  observed  during  the  amination  of  thymol.  From  several  experiments,  we  obtained  6  g  of  a  frac¬ 
tion  with  a  b.p  of  220-230*,  in  which  the  pesence  of  thymylamine  was  observed  via  the  acetyl  derivative.  Thus, 
apparently,  die  amination  of  thymol  proceeds  simultaneously  in  tvw>  directions: 


It  was  of  interest  to  elucidate  the  mechanism  of  the  reaction,  since  the  formation  of  m-toluidine  as  the  result 
of  two  different  reactions  is  possible.  In  the  first  place,  under  die  conditions  of  the  reaction,  thymol  may  split  off 
the  isopopyl  group  as  popylene,  and  the  m-cresol  which  forms  may  be  furdier  converted  to  m-tbluidine. 


CHa  CHj 

As  is  known,  A.  N.  Engelgardt  and  P.  Lachinov  [6]  found  diat  thymol  is  converted  to  m-cresol  by  heating  it 
with  phosphoric  anhydride. 

We  heated  thymol  to  475*  widi  aluminum  oxide  (without  ammonia),  and  observed  the  formation  of  a  large 
quantity  of  m-cresol  and  the  evolution  of  popylene.  Therefore,  this  reaction  may  account  for  the  formation  of 
m-toluldine  tnder  our  reaction  conditions.  At  the  same  time,  under  die  experimental  conditi(Xis  of  die  amination 
of  thymol,  we  aminated  6  g  of  a  fraction  of  amines,  widi  a  b.p.  of  220-230*,  which  contained  thymylamine.  The 
formation  of  a  gas  of  an  unsaturated  nature  was  also  observed.  The  catalyzate  (Stained  distilled  over  completely 
at  200-205*,  and  proved  to  be  m-toluidlne.  Thus,  m-toluidine  can  be  formed  from  thymylamine  under  the  con¬ 
ditions  of  our  experiment. 

Finally,  it  is  very  likely  that  both  of  these  reactions  proceed  simultaneously  and  are  the  source  of  the  forma¬ 
tion  of  m-toluidine. 


454 


On  amlnation  of  o-hydroxydlphenyl,  two  substances  were  found  in  the  reaction  products;  o-aminodiphenyl 
and  a  product  with  a  in.p.  of  SS-SS”.  diphenylene  oxide,  which  was  obtained  in  a  predominating  quantity.  The 
btter  formed  a  picrate  with  a  m.p.  of  93-94*. 

Therefore,  under  the  conditions  of  die  experiment,  both  the  amination  of  o-hy*oxydiphenyl  to  o-aminodi¬ 
phenyl.  and  its  dehydrogenation  to  diphenylene  oxide  occur. 


SUMMARY 

The  catalytic  amination  of  monatomic  phenols  with  compressed  ammonia  was  studied.  As  the  catalyst,  we 
tested  commercial  active  aluminum  oxide. 

By  the  amination  of  phenol,  o-  and  p-cresols,  and  m-xylenol,  die  conesponding  primary  aromatic  amines 
were  formed  in  yields  up  to  S8.0%. 

m-Toluidine  was  obtained  as  the  main  product  of  the  amination  of  diymol.  This  reaction  may  be  considered 
as  a  new  method  for  obtaining  m-toluidine. 

Both  o-aminodiphenyl  and  diplienylene  oxide  were  formed  by  the  amination  of  o-hydroxydiphenol. 
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SYNTHESIS  OF  AijPbXj  COMPOUNDS 
E.  M.  Panov  and  K.  A.  Kocheshkov 


For  the  synthesis  of  the  ArPhX3  compounds  [1],  which  we  obtained  for  the  first  time  (where  Ar  is  die  aromatic 
radical,  and  X  is  the  organic  acid  group),  we  used  Ar^Xj  as  the  most  convenient  starting  material.  The 
synthesis  of  the  latter  was  based  partially  on  the  arylation  reaction  of  the  organic  salts  of  quadrivalent  lead.  Thus, 
by  the  method  of  Kocheskhov  and  Nad  [2], 

2Ar^g+  Pb(OOCCHj)4  Ar^b(OOCCH,)2  +  2ArHgOOCCH8 
we  obtained  lead-organic  compounds  of  the  ArjPbXj  class,  which  contained  a  substituent  in  the  aromatic  nucleus. 

In  the  present  article  we  have  described  the  applicatioa  of  the  method  to  the  special  case  of  dearylation  by 
mercury  salts*. 

Ar4Pb+  2Hg(OOCCH3)2 Ar^b((XX:CH5)j+  2ArHgOOCCH,, 
and  have  also  improved  the  method  of  dearylation  by  organic  acids,  found  by  Polls  [3]  to  be  of  most  practical  value 

Ar4Pb+  2RCCX)H  Ar^b(CXX3l)j+  2AiH. 

Koton  [4],  developing  die  method  of  Polis,  of  the  action  of  organic  acids  on  completely  substituted  lead- 
organic  compounds,  treated  the  reactiai  products  with  water.  We  considered  it  eiqjedient  to  cany  out  the  treatment 
with  organic  solvents  g'asoline),  in  order  to  avoid  hydrolysis. 

Finally,  we  were  interested  in  overcoming  some  difficulties  related  to  the  direct  dearylation  by  acids  (for 
example,  stearic  acid),  using  the  reacylation  reactiom 

(C^^b(OOCR)2+  R’COOH  (C^^b(CXXm’)2+  2RCOGH. 

According  to  our  data,  for  example,  the  diacetate,  dipcopionate,  and  disobutyrate  of  diphenyl  lea^  vdiich 
are  readily  soluble  in  alcohol,  enter  into  exchange  reactions  with  acids,  with  the  ftnrmation  of  less  soluble  salts. 

By  this  method  we  obtained  diphenyl  lead  dibenzoate  (m.p.  240“?  according  to  Koton,  m.p.  of  231-232"),  diphenyl 
lead  distearate,  diphenyl  lead  dimethacrylate  and  diphenyl  lead  dimonochloroacetate.  ,  V 

EXPERIMENTAL 

Synthesis  of  diphenyl  lead  acetate  by  dearylation  of  lead  tetraritenyl  by  mercuric  acetate.  In  a  flask  fitted 
with  a  mechanical  stirrer,  we  placed  a  solution  of  1.03  g  (1  mole)  of  lead  tetraphenyl  in  45  ml  of  chloroform,  acid¬ 
ified  it  widi  0.5  ml  of  acetic  acid,  and  at  room  temperature' added  1.28  g (2  moles)  of  mercuric  acetate  in  por¬ 
tions,  vdiich  gradually  dissolved.  After  addition  of  the  latter,  the  mixture  was  stirred  for  1.5  hours  more,  the  reac¬ 
tion  mixture  was  transfened  to  a  porcelain  dish,  and  left  in  Ihe  air  until  the  chloroform  was  removed,  and  then  it 
was  placed  in  a  vacuum-desiccator  over  solid  alkali,  in  order  to  remorve  acetic  acid  and  possible  traces  of  mois¬ 
ture.  The  residue  was  dissolved  in  8  ml  of  boiling  aidiydrous  alcohql.  and  the  solution  was  cooled  with  a  mixture 
of  ice  and  salt.  The  precipitate  was  filtered  off.  The  yield  was  1  g  (77.6‘5l>).  The  m.p,  was  149*  (for  phenyl 
mercury  acetate  the  m.p.  was  149"  [5]). 

The  alcohol  was  removed  from  flie  filtrate  by  evaporation  in  a  vacuum-desiccator,  and  die  residue  with  a 
tn.p.  of  195*  was  recrystallized  from  benzene  acidified  widi  a  few  drops  of  acetic  acid.  The  yield  was  0.6  g 
(62*^.  Them.p.  was  200-201.5*.  A  mixture  of  a  test  san:q)le'  anddij^enyl  lead  dlacetate  obtained  by  a  different 
method  £4]  showed  no  depression  of  the  melting  point. 

Synthesis  of  diphenyl  lead  dUSpbutyrate.  1)  To  a  solution  of  1.03  g  (1  mole)  of  lead  tetraphenyl  in  45  ml  of 
chlorofcxm.  acidified  with  0.78  g  (4  moles  plus  10*^0  excess)  of  isobutyric  acid,  we  gradually  added  0.86  g  (2  moles)  of 
yellow  mercuric  oxide.  After  the  latter  dissolved,  the  solution  was  stirred  for  2  hours  longer.  The  solution  was 
filtered  to  remove  the  slight  turbidity,  and  left  in  the  air  until  the  chlorofmm  had  evaporated.  The  residue  (2.3  g) 
was  recrystallized  from  a  hot  mixture  of  benzene  and  ligroin.  and  had  a  m.p.  of  204*.  The  diphenyl  lead  diisobutyr- 
ate  melted  at  204-205*  (see  below).  A  mixture  of  the  substances  showed  no  melting  point  depression. 
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2)  In  a  three-necked  flask  fitted  with  a  thermometer  and  a  mechanical  stirrer,  we  placed  20.6  g  (1  mole)  of 
lead  tetraphenyl  and  35  g(10  moles)  of  isobutyric  acid.  The  mixture  was  heated  at  115-120".  The  residue  of  lead 
tetraphenyl  dissolved  after  25  minutes,  after  which  the  solution  was  stirred  for  1.5  hours  more  at  the  same  tempera¬ 
ture.  We  added  60  ml  of  gasoline  (the  75-100*  fraction)  to  the  hot  reaction  mass,  A  white,  crystalline  precipitate 
of  pure  diphenyl  lead  diisobutyrate  came  down.  The  yield  was  15.3-17.6  g  (72-84%).  The  m.p.  was  203.5-204.5*. 
The  melting  point  increased  to  204-205*  after  recrystallization  from  hot  benzene  or  from  a  mixture  of  benzene  and 
ligroin. 

0.2517  g  sub.;  0.1419  g  PbSQj.  0.4304  g  sub.-.  0. 2437  g  PbS04.  Founder  Pb  38.51,  38.66.  Cal^O^Pb. 

Calculated  %  Pb  38.70. 

The  diphenyl  lead  diisobutyrate  consisted  of  snow-white  needles  with  a  m.p.  of  204-205".  It  dissolved  readily 
in  the  cold  in  dichloteihane  and  acetic  acid;  it  dissolved  moderately  in  the  cold,  and  well  on  heating,  in  benzene, 
}^ene  and  chloroform;  it  did  not  dissolved  in  the  cold,  but  dissolved  moderately  on  heating,  in  ligroin;  it  dissolved 
very  poorly  in  ether  and  petroleum  ether,  even  on  heating. 

Synthesis  of  diphenyl  lead  dipropionate.  20.6  g(l  mole)  of  lead  tetraphenyl  and  29.6  g(10  moles)  of  pro¬ 
pionic  acid  were  heated  at  110-115",  and  stirred  mechanically.  The  lead  tetraphenyl  dissolved  after  15  minutes. 

The  mixture  was  heated  ftx  1.5  hours  more  at  the  same  temperature.  We  poured  120  ml  of^solihe  (75-100*  frac¬ 
tion)  into  the  hot  solution.  Crystallization  began  immediately.  On  the  following  day,  the  jxecipitate  was  filtered 
off,  washed  with  gasoline  and  dried  in  vacuo  at  61*  (heating  by  chloroform  vapors).  The  jield  of  crude  product  was 
11.2  g  The  m.p.  was  181.5-18215*,  which  didnot  change  on  repeated  crystallization.  Diphenyl  lead  dipro¬ 

pionate,  according  to  Kotoo  [4]  had  a  m.p.  of  170-17?. 

0.1783  g  sub.;  0.1073  g  PbSQi.  0.2128  g  sub.;  0.1272  g  PbS04.  Found  %*.  Pb  41.12,  40.84.  Ci^HaQiPb. 

Calculated  %;  Pb  40.84. 

Diphenyl  lead  dipropionate  was  a  white  crystalline  substance.  It  dissolved  very  well  in  alcdiol  and  acetone, 
aid  well  in  ethyl  acetate,  benzene,  and  chloroform  in  the  cold;  it  dissolved  moderately  in  carbon  tetrachloride  in 
the  cold,  and  well  on  heating;  and  it  dissolved  poorly  in  ether  and  ligroin,  even  on  heating. 

Synthesis  of  diphenyl  lead  distearate.  2.68  g(l  mole)  of  diphenyl  lead  diisobutyiate was  dissolved  at  35“  in 
22  ml  of  anhydrous  alcohol*  2.84  g  (2  moles)  of  stearic  acid  was  dissolved  at  the  same  temperature  in  95  ml  of 
anhydrous  alcohol.  The  solutions  were  poured  together  and,  in  order  not  to  crystallize  out  the  stearic  acid,  the  mix¬ 
ture  was  maintained  at  35*.  Crystals  of  diphenyl  lead  distearate  gradually  separated  from  the  solution.  Since 
crystallization  was  completed  only  from  a  warm  solution,  it  was  kept  at  room  tempeature  for  several  hours.  The 
stearic  acid  which  partially  precipitated  was  brought  back  into  solutitm  by  heating  the  reaction  mixture  to  40*,  thus 
quickly  clarifying  the  solution.  The  precipitate  was  washed  with  alcohol.  We  obtained  2.95  g  (64.1%)  of  pioduct. 

The  m.p.  was  98-99".The  precipitate  was  recrystallized  from  50  ml  of  anhydrous  alcohol  and  washed  with  warm 
anhydrous  alcohol.  The  yield  was  2.3  g,  and  the  m.p.  was  100-101*. 

0.2346  g  sub.:  0.0775  g  TbSQ^.  0.2031  g  sub.:  0.0660  g  PbS04.  Fqund  %*.  Pb  22.56,  22.20.  C4*H4^4Pb. 

Calculated  %t  Pb  22.30. 

In  external  form  the  diphenyl  lead  dlstearate  was  similar  to  stearic  acid.  It  dissolved  very  well  in  the  cold  in 
chloroform  and  in  benzene;  it  dissolved  tnoderately  in  ligroin  in  the  cold,  and  well  on  heating*,  it  did  not  dissolve  in 
alcohol  and  acetone  in  the  cold,  but  on  heating  it  dissolved  moderately*  it  did  not  dissolve  in  ether  in  the  cold, 
but  was  moderately  soluble  on  heating. 

Diphenyl  lead  distearate  could  be  obtained  also  by  heating  a  solution  of  dijhenyl  lead  diacetate  in  molten 
stearic  acid  (at  120-140*)  in  vacuo.  The  acetic  acid  was  removed,  and  the  remaining  mixtire  of  diphenyl  lead  di¬ 
stearate  and  stearic  acid  was  recrystallized  from  alcohol  or  ether.  In  this  case,  the  separation  from  stearic  acid, 
which  was  found  to  be  in  excess,  was  less  c^onvenient. 

Synthesis  of  diphenyl  lead  dibenzoate.  2,14  g  (1  mole)  erf  diphenyl  lead  diisobutyrate  was  dissolved  in  15  ml 
of  hot  anhydrcxis  alcx^hol.  1.1  g(2  moles  plus  10%  exc^ess)  of  benzoic  acid  was  dissolved  in  3  ml  of  anhydrous  alcohol. 
The  solutions  were  poured  together  hot.  Crystallization  of  the  dibenzoate  began  after  several  minutes.  The  precipi¬ 
tate  was  filtered  off,  washed  with  alcohol,  and  dried  as  usual  in  vacuo.  We  obtained  2  g  (83‘7<J  of  crude  product  with 
a  m.p.  of  227-230*.  After  recrystallization  from  100  ml  of  dry  benzene,  the  m.p.  was  240*.  and  it  did  not  change  on 
furtiier  crystallization.  The  yield  was  1.25  g. 

0.2002  g  sub.;  0.1005  g  PbSQi.  0.2428  g  sub.;  0.123)  g  PbS04.  Found  %:  Pb  34.30,  34.3a  Cj|H^4Pb. 

Calculated  %:  Pb  84.34. 
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Diphenyl  lead  dibenzoate,  obtained  in  a  yield  of  35<7o  According  to  Koton  [4],  by  the  direct  actionof  benzoic 
acid  on  lead  tetraphenyl,  had  a  m.p.  of  231-23?,  but  the  substance  he  obtained  differedby  0.71*55)  in  lead  content  from 
^t  calculated. 

Diphenyl  lead  dibenzoate  dissolved  well  in  the  cold  in  ethyl  aceute  and  chlmofortn;  it  dissolved  poorly  in  the 
cold,  and  moderately  on  heating  in  alcohol,  acetone  and  ben2;ene;  it  did  not  dissolve  in  ether,  hexane  and  water. 

Synthesis  of  diphenyl  lead  dimediacgylate.  Into  a  solution  of  0.45  g  (1  mole)  of  diphenyl  lead  diisobutyrate  in 
4.5  ml  of  anhydrous  alccdiol  we  poured  0.2  g (2  moles  plus  35*70 excess)  of  mediacrylic  acid.  A  finely-crystalline 
clpitate  appeared  immediately,  and  after  half  an  hour  it  was  filtered  off,  washed  with  alct^ol,  and  dried  as  usual 
in  vacuo.  The  yield  was  0.43  g  (96*7o).  The  substance  turned  yellow®  heating  in  a  capillary  at  205*.  and  decom¬ 
posed  at  212*  without  melting.  Diphenyl  lead  dimethacrylate  dissolved  moderately  on  heating  in  chlotoform.  acrylic 
acid  .lyrene  and  amylene*,  it  dissolved  poorly  in  alcohol,  acetone  and  ethyl  acetate,  and  very  poorly  in  benzene;  it 
dd  not  dissolve  in  ether  and  hexane. 

0.1272  g  sub.*  0.0722  g  PbSQj.  Found  *7o;  Pb  38.78.  C^HajPiPb.  Calculated  *7o:  Pb  39.00. 

On  repeating  the  experiment,  using  dij^enyl  lead  dipropionate  as  die  startii^  material,  we  obtained  a  90*55) 
yield  of  die  same  compound. 

0.1576  g  sub.»  0.905  g  PbS04.  33.23. 

Synthesis  of  diphenyl  lead  dintonochlcnoacetate.  2.67  g(l  mole)  of  diphenyl  lead  diisobutyrate  was  dissolved 
by  heating  it  di^tly  in  15  ml  alcohol;  1.9  g  (4  moles)  of  mcmochloroacetic  acid  was  dissolved  in  2  ml  of  warmed 
alcohol.  The  solutions  were  mixed.  Crystallization  began  immediately.  The  precipitate  was  filtered  off.  washed 
with  alcohol  and  dried  in  vacuo.  The  yield  was  2,16  g  (77.5*55)). 

0.3046  g  sub.;  0.1677  g  PbSQ|.  0.2299  g  sub.;  0.1276  g  ?bSO^.  0.1995  g  sub.-.  7.27  ml  0.1  N  AgNO,. 

Found  *55);  Pb  37.62,  37.92-  Cl  12.92.  Ci^j^OjCl^.  Calculated  %  Pb  37.79;  Cl  12.92. 

The  diphenyl  lead  dimonochloroacetate  consisted  of  white  needles,  v^iich,  when  heated:  Itt  a  capillary  at  185-’ 
205*.  gradually  decomposed  without  melting.  The  substance  dissolved  poorly  in  alcohol,  acetone,  and  diloroform 
in  die  cold,  and  moderately  on  heating;  it  did  not  dissolve  in  benzene  in  the  cold,  and  dissolved  poorly  on  heating; 
it  did  not  dissolve  in  edier  and  hexane,  even  on  heatii^. 

SUMMARY 

1.  It  was  shown  diat  the  reaction  of  the  dearylation  of  Ar4Pb  compounds  by  the  mercuric  salts  of  organic  acids 
tiny  be  utilized  for  the  synthesis  of  lead-organic  salts  of  the  Ar^b(OOCR)2  type. 

2.  We  simpliHed  the  method  of  synthesis  of  lead-organic  salts  of  the  Ar^b(OOCR)2  type  involving  the  dearyla¬ 
tion  of  Ar4Pb  by  organic  acids. 

3.  The  reacylation  reaction  was  used  for  the  synthesis  of  lead-organic  salts  of  the  Ar2Pb(C)OCR)2  type,  vdiich 
were  difficultly  available  by  other  methods. 

4.  For  the  first  time,  the  diisobutyrate,  dimethacrylaie,  distearate  and  dimonochloroacetate  of  diphenyl  lead 
were  described. 
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THERMAL  DECOMPOSITION  OF  BENZOYL  PEROXIDE  IN  MIXTURES  OF  SOLVENTS 


BENZENE  AND  METHYL  ALCOHOL.  CARBON  TETRACHLORIDE  AND  ISOPROPYL  ALCOHOL 

B.  N.  Moryganov 


In  the  study  of  ftee -radical  reactions  in  solutions  with  miaures  of  different  solvents,  it  is  possible  to  establish 
the  relative  reactivity  of  the  radicals  with  different  compwients  of  the  mixtures.  An  especially  large  number  of 
works  in  this  field  relate  to  investigations  of  the  reactions  of  benzoyl  peroxide  in  mixtures  of  different  aromatic  com¬ 
pounds  [1], 

Rafikov  and  Kudinova  studied  the  reaction  of  benzoyl  peroxide  with  a  mixture  of  benzene  and  ethyl  alctdiol 
[2].  We  previously  studied  the  reactiwi  of  benzoyl  permcide  vrtlh  alcohols  whereby  the  great  case  of  interaction  of 
benzoyl  peroxide  with  methyl  alcohol  [3]  was  noted.  It  seemed  to  us  to  be  of  interest  to  study  the  reaction  of  benzoyl 
peroxide  in  a  mixture  of  benzene  and  methyl  alcr^ol.  The  results  obtained  from  the  investigation  agreed  com¬ 
pletely  with  the  ideas  which  were  developed  in  the  work  [2i  Reaction  proceeded  to  a  great  degree  between  benzoyl 
peroxide  and  mediyl  alcohol.  However,  in  spite  of  the  fact  that  die  reaction  between  tire  alccdiol  and  benzoyl  per¬ 
oxide  proceeds  also  more  easily  at  lower  temperatures,  in  our  experiments  we  also  definitely  demonstrated  the  reac¬ 
tion  of  benzoyl  peroxide  with  benzene,  which  could  be  judged  from  the  formation  of  diphenyl  (in  a  quantity  op  to 
0.14  mole  per  1  mole  of  peroxide).  Only  traces  of  diphenyl  were  observed  in  experiments  on  the  reacticxi  of  the  perr 

oxide  with  alcohols.  Iti  our  experiments  we  observed  a  shift  of  the  equilibrium,  just  as  noted  also  in  the  Work  [2], 
which  the  authors  accounted  for  by  the  fact  that  benzene  also  was  formed  during  the  decompositicm  of  benzoyl  peroxide. 

The  problem  remains  confused  as  to  whether  the  phenyl  radicals  which  form  from  benzene  as  a  result  of  the 
chain  reaction  with  the  peroxide,  react  with  the  alcohol.  If  such  a  reaction  should  occur  then  we  mi^t  not  detect 
it,  since  the  products  obtained  would  be  the  same  as  in  tiie  absence  of  this  reactioa  SdLution  of  this  problem  mi^t 
be  obtained  only  by  the  use  of  deuterorated  compounds  in  the  reactions  studied.  We  succeeded  in  rigorously  demon¬ 
strating  the  Interaction  of  the  free  radicals  formed  by  the  reaction  of  carbon  tetrachloride  with  methyl  alcohol  [3]. 

In  the  present  wotkj  vre  examined  the  possibility  of  such  a  reaction  with  other  alcdiols,  aitd  for  this  isopropyl  alco¬ 
hol  was  chosen.  In  this  case,  vre  observed  the  interactioa  of  benzoyl  peroodde  with  botli  comptxients  of  the  mixture. 

The  formation  of  phthalic  acid  and  hexachloroethane  was  demonstrated  as  due  to  tire  reaction  of  carbon  tetrachlor¬ 
ide.  The  benzoic  acid  and  acetone  formed  indicated  that  the  alcdiol  and  the  benzoyl  psoxide  reacted.  It  should  be 
noted  that  the  secondary  free  radicals  which  formed  from  the  solvents,  reacted,  which  can  be  judged  from  tite  evolu¬ 
tion  of  hydrogen  chloride  and  the  formation  df  chloroform. 

EXPERIMENTAL 

Thermal  Decomposition  Reaction  of  Benzoyl  Peroxide 
in  a  Mixture'  of  Benzene  and  Methyl  Alcohol 

The  reaction  mixture  was  heated  on  a  water  bath  for  40  hours  in  a  round -bottomed  flask  with  a  reflux  baU 
condenser.  In  each  experiment  6  g  of  benzoyl  peroxide  was  decomposed  in  equimolecular  quantities  of  methyl  alco¬ 
hol  (32  g)  and  benzene  (78  g).  Moreover,  experiments  were  conducted  witii  50  g  of  benzo^d  peroxide  and  with  the 
quantities  of  solvents  cited  above.  The  yields  of  the  products  of  the  reaction,  made  with  different  quantities  of  per¬ 
oxide,  were  similar,  especially  as  to  the  yields  of  benzoic  acid.  Carbon  dioxide  was  absorbed  in  traps  containing 
4QP!o  solutions  of  potassium  hydroxide.  0.48  mole  of  CO^  per  1  mole  of  benzoylperoxich  decomposing  was  absorbed. 

Fine,  white  crystals  were  formed  by  heating  tite  reaction  mixture  in  a  flask  and  also  in  sealed  tubes,  but  because  of 
their  small  quantity  they  were  not  studied.  The  crystals  were  separated,  the  liquid  portion  of  the  reaction  products 
was  distilled,  and  the  fraction  which  distilled  at  a  b.p.  of  56-78.5*  was  diluted  with  water.  We  determined  formal¬ 
dehyde.  in  a  quantity  of  0.28  mole  per  1  mole  of  peroxide  decomposing,  in  the  water -alcohol  solution  by  ptecipita- 
tioa  of  the  dimedon  derivative  A  mixture  of  the  dimedon  derivative  of  formaldehyde  produced  and  a  test  sample 
melted  at  186*. 

Methylal  was  not  observed  in  the  water -alcttiiol  solution  after  heating  with  dilute  hydrochloric  acid  (in  a 
flask  witii  a  reflux  condenser). 

After  removal  of  the  fraction  with  the  b.p.  of  56-78.5*  the  residuals  were  alkalized  and  steam -distilled.  Di- 
fhenyl  with  a  m.p.  of  68-69*  was  isolated  in  a  qiantity  of  CL14  mole  per  1  mole  of  benzoyl  peroxide  decomposii^* 
a  mixture  of  a  test  sample  and  known  substance  gave  no  m.p.  depression.  On  completion  of  tl^steam  distillation. 


the  alkaline  solution  from  the  distillaticsi  flask  was  separated  from  the  small  quantity  of  resins  which  formed,  and 
acidified  with  dilute  hydrochloric  acid.  Benzoic  acid,  m.p.  121*,  separated,  and  a  mixture  of  a  test  sample  and  the 
known  substance  gave  no  depression.  By  titration  with  a  0.5  N  solution  of  alkali  we  determined  benzoic  acid  in  the 

quantity  of  1.02  moles  per  1  mole  of  benzoyl  peroxide  decomposing.  The  presence  of  phenyl  benzoate  in  the  resi*- 
aue  from  the  distillatitMi  could  be  expected,  but  we  were  unable  to  detect  it. 

Similar  results  were  obtained,  and  very  similar  yields  of  products  were  obtained,  as  a  result  of  the  decomposi¬ 
tion  of  benzoyl  peroxide  In  a  mixtuie  of  benzene  and  methyl  alcohol,  by  heating  in  sealed  tubes  at  150*  fox  20  hours. 

Thermal  Decomposition  Reaction  of  Benzoyl  Peroxide  in  a  Mixture  of  Carbon 
Tetrachloride  and  Isopropyl  Alcohol 

A  reaction  mixture  consisting  of  equlmolecular  quantities  of  carbon  tetrachloride  (154  g)  and  isopropyl  alco¬ 
hol  (60  g),  and  different  quantities  of  benzoyl  peroxide  (0.25,  0.5,  1,  2,  3  and  6  g)  in  various  experiments,  was  intro¬ 
duced  into  a  flask  vrtth  a  ground-in  reflux  condenser  connected  to  an  absorber,  and  was  heated  on  a  water  bath  for 
80  hairs.  The  gases  which  formed  during  tiie  reaction  wece  absorbed:  HCl  was  absorbed  in  distilled  water,  and  COj 
was  absorbed  in  a  saturated  solution  of  barium  hydroxide.  The  quantity  of  CC^  (0.38-1.59  moles  per  1  mole  of  per¬ 
oxide  decomposing)  was  determined  gravimetrically. 

The  liquid  products  were  acidic  and  were  washed  free  of  alcohol,  acetone  and  HCl  by  distilled  water  until 
they  were  neutral.  The  quantity  of  HCl  from  the  absorber  and  from  the  water -alcdioi  solution  (5.27-39.72  moles 
per  1  mole  of  peroxide  decomposing)  was  determined  by  titration  with  0.1  or  0.5  N  solutions  of  alkali.  In  the 
water -alcohol  solution  we  determined  acetone  (4.68-34.31  moles  per  1  mole  of  peroxide  decomposite)  as  the  2,4- 
dinitrophenylhydrazone:  die  m.p.  was  125*.  A  mixture  of  a  test  sample  with  die  known  substance  showed  no  depres¬ 
sion.  The  liquid  reaction  products  were  distilled  after  they  were  washed  with  water  and  dried  with  calcium  chloride. 

A  fractkm  with  a  b.p.  of  65-76*  (a  mixtute  of  chloroform  and  carbon  tetrachloride)  distilled.  Chlontform  (b.p. 
60.5-62.5*,  1.474  ,  dj*  1.4415)  was  separated  by  fractional  distillation.  After  distillation  of  die  fraction  with 

a  b.p.  of  65-76*.  the  residuals  were  steam  distilled.  The  distillate  contained  isopropyl  benzoate  and  hexachlocoethane. 
Benzoic  acid,  m.p.  121*.  was  separated  after  saponification  of  die  ester  from  the  acidified  solution.  A  mixture  of 
a  test  sample  with  the  known  substance  gave  no  m.p.  depression.  The  residue,  after  saponlfrcation  of  the  ester,  con¬ 
tained  hexachloroediane.  which  was  purified  by  voIatUlzation  widi  sulfuric  acid.  A  mixture  of  purified  hexachloro- 
}jl  ethane  and  a  test  sample  melted  at  186*.  On  completion  of  the  distillation,  the  alkaline  solution  from  the  distilla- 

tion  flask  was  separated  from  the  small  quantity  of  resins  produced,  and  acidified  with  dilute  hydrochloric  acid. 

^  Benzoic  acid  with  a  m.p.  of  121*  (from  water)  was  separated.  A  mixture  of  a  test  sample  gave  no  depression.  The 

0  -phthalic  acid  constituting  the  resin  was  identified  with  resorcinol  by  the  fluorescein  reaction. 

■N 

SUMMARY 

1.  COj.  benzoic  acid  methyl  benzoate;  formaldehyde  and  di|^enyl  woe  formed  by  die  thermal  decomposition 
of  benzoyl  peroxide  in  a  mixture  of  benzene  and  methyl  alcdioL 

2.  It  was  diovm  that,  in  the  thermal  decomposition  of  benzoyl  peroxide  in  a  mixture  of  benzene  and  metiiyl 
alcohol,  reaction  of  the  peroxide  proceeds  simultanebnsly  with  bodi  components  of  the  mixture.  The  interaction  of 
die  peroxide  with  the  alcohol  proceeds  to  the  greater  degree. 

3.  Hydrogen  dilorlde,  chloroform,  acetone,  CQt.  benzoic  acid  isopropyl  benzoate,  [fithallc  acid  and  hexa- 
chloroethane  were  farmed  by  the  thermal  decomposition  of  benzoyl  peroBcide  in  a  mixture  of  carbon  tetrachloride 
and  isopropyl  alcohol. 

4.  It  was  diown  diat.  besides  the  reaction  between  the  carbon  tetrachloride  and  Isopropyl  alcohol,  which  was 

initiated  by  the  peroxide,  reaction  of  the  latter  with  both  components  of  the  mixture  occuned  during  the  heating  of 
benzoyl  peroxide  in  a  mixture  <f  carbon  tetrachloride  and  isopropyl  aloohol.  ^ 
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CHAIN  REACTIONS  OF  CARBON  TETRACHLORIDE  AND  ALCOHOLS 
G.  A,  Razuvaev,  B.  N.  Moryganov  and  A.  S.  Volkova 


We  recorded  earlier  that  the  reaction  oi  carbon  tetrachloride  and  isoprop)i  alcohol  is  initiated  by  benzcyl  per¬ 
oxide  [1].  In  the  present  work  we  have  studied  at  greater  length  the  chain  reaction  initiated  by  benzoyl  peroxide  be¬ 
tween  carbon  tetrachloride  and  alcohols  (methyl  alcohol  and  isopropyl  alcohol).  The  reactiwi  takes  place  with  the 
formation  of  HCl.  CHCl^.  ajid  am  aldehyde  or  a  ketone.  Determination  of  the  length  of  the  chain  is  most  conveniently 
made  from  the  yield  of  HCl.  For  determination  of  the  chain  length  in  the  system,  carbon  tetrachlori*""iatopropyl 
alcohol,  the  quantity  of  acetone  formed  may  also  be  used.  In  both  cases  the  results  that  we  obtained  agreed  satisfac¬ 
torily.  It  was  difficult  to  determine  chloroform  quantitatively,  therefore,  we  were  restricted  to  its  identification  widi- 
out  a  quantitative  calculation. 


TABLE  1 

Chain  Reaction  of  Carbon  Tetrachloride  and  Isopropyl  Alcohol.  Initiated  by  Benzoyl  Peroxide 


Test 

Quantity  of  benz- 

1  0.0248  1 

0.0124 

0.0083  ! 

0.0041 

1  0.0021  1 

0.0010 

No. 

oyl  peroxide  (moles) 

in  moles  per 

In  moles  per 

in  moles  per 

in  moles  per 

reaction  products 

1  mole  of  per¬ 
oxide  decom¬ 
posed 

1  mole  of  per¬ 
oxide  decom¬ 
posed 

1  mole  of  per¬ 
oxide  decom¬ 
posed 

1  mole  of  per¬ 
oxide  decom¬ 
posed 

1  mole  of  per¬ 
oxide  decom¬ 
posed 

1  mole  of  per¬ 
oxide  decom¬ 
posed 

1 

HCl . 

5.27 

5.65 

9.90 

13.95 

22.95 

39.72 

2 

CHjCOCH, . 

4.68 

5.95 

9.35 

17.46 

27.90 

34.31 

3 

COt . 

0.38 

0.42 

0.58 

0.99 

1.30 

1.59 

Blank  experiments  conducted  by  heating  carbon  tetrachloride  virlth  alcohols  showed  that,  aldiough  reaction  oc¬ 
curs  between  them  without  benzoyl  peroxide,  with  the  separation  of  HCl,  the  quantitative  yield  of  the  products  is  very 
small  in  comparison  with  that  horn  reactions  conducted  with  the  peroxide.  The  appropriate  corractions  for  the  quan¬ 
tities  of  HCl  and  acetone  formed  by  this  reaction  were  introduced  into  the  data  cited  in  die  tables.  The  results  obtained 


TABLE  2 

Chain  Reaction  of  Carbon  Tetrachloride  and  Methyl  AlccdioL  Initiated  by  Benzoyl  Peroxide 


Test 

Quantity  of  benz- 

0.0248 

1  0.0083  1 

0.0041 

1  0.0021  1 

O.OOID 

No. 

oyl  paoxlde  (moles) 

in  moles  per 

in  moles  per 

in  moles  per 

reacticai  pro^cts 

1  mole  of  per- 

1  mole  of  per- 

1  mole  of  per- 

1  mole  of  per- 

1  mole  of  per- 

oxide  decom- 

oxide  decom- 

oxide  decom- 

oxide  decom- 

oxide  decom- 

posed 

posed 

posed 

posed 

posed 

1 

HCl . 

1.39 

1.44 

1.73 

2.38 

4.30 

2 

CO, . 

0.32 

0.41 

0.61 

0.76 

0.90 

are  recorded  in  Tables  1  and  2.  It  should  be  noted  that  the  amount  of  COj  which  evolved  varied  with  the  benzoyl 
peroxide  conemtration';  the  quantity  of  CP|  increases  with  a  eberease  of  the  peroxlds  conoentration,  whereupon  the. 
increase  of  the  CO^  )ield  was  much  greater  foe  isoprop^i  alcohol  tham  for  methyl  alcohol. 

On  die  basis  of  the  rdtetions  and  the  investigations  if  the  interaction  of  carbmi  tetrachloride  with  alcohols, 
which  we  conducted  earlier  by  heating  and  by  exposure  to  ultraviolet  light  [2],  die  mechaoism  of  the  process  ber 
ween  benzoyl  peroxide  and  alcohols  can  be  represented  as  follows: 


1.  Inithcion: 


(C^IgCOO)^  2CVIgCOO. 
C^HgCOO-  C^-  +  COt 


HIM 


CjHjCOO-  +  CH^HOHCHs  C^gCOOH  +  GHjCOHCHg 

C^-  +  GHjCHOHCHj  +  CHjdDHCHj 

or 


3.  Chain: 


C^-  +  CCl^  CgHgCU  CCla* 

Cl 

I 

CH,C0HCH3+  CCl^  -►  CHj-C-CH8+  CClg- 

OH 


Cl 

ch.-<!:-cHj 

I 

OH 


CH.-C-CH.+  HCl 

I 

o 


CH,-CH0H-CH8+  CCly  CHC18+  CHjCOHCHj,  etc. 


4.  Breaking  of  chain: 


a)  2CClj-  -►  C^Cl* 


b)  2CH,COHCH, 


CHjCHOHCHj 


•CHjCOCH, 


The  reaction  of  carbon  tetrachloride  with  metiiyl  alcohol,  initiated  by  benzoji  peroxide,  prooeeA  similarly  hut 
the  chain  length  is  much  diorter. 

It  is  interesting  to  compare  the  chain  lengtis  in  terms  of  the  amount  of  HCl  liberated  from  the  quantity  of  boiz- 
oyl  peroxide  tsken.  These  rehaions  are  presented  fen  isopropyl  and  methyl  alcdiols  by  curves  in  the  Figure.  In  both 
cases  a  sharp  increase  of  the  chati  la^ths  with  a  decrease  of  the  peroxide  concentration  is  evident.  Nevertheless,  under 
the  coiditions  diat  we  described,  the  chain  lengths  ate  much  shorter  for  mediyl  alcohol. 


EXPERIMENTAL 

Reaction  of  carbon  tetrachloride  widi  Isoprop^  alctdiol  in  the  presence  of  benzoyl  peroxide.  Into  a  flask  with 
a  ground-in  reflux  condenser  connected  to  absorbers  for  HCl  and  CO^,  154  g  (1  mole)  of  CCI4,  60  g  (1  mole)  of  isopro¬ 
pyl  alcohol,  and  different  (in  diffarent  experiments)  quantities  of  benzoyl  peroxide  (0.25,  0.5,  1,2,3  and  6  g)  were 
charged.  The  reaction  mixture  was  heated  on  the  water  bath  for  80  hours.  The  length  of  time  of  heating  was  deter¬ 
mined  by  the  time  of  the  disappearance  of  the  peroxide.  The  reaction  was  stopped  when  traces  of  peroxide  remained 
in  the  reaction  mixture,  for  which  about  80  hours  were  usually  required.  This  time  was  taken  for  all  the  expaiments. 
The  gases  whidi  formed  during  die  reaction  were  absorbed:  HCl  was  absorbed  in  distilled  water,  and  CO^  was  absor¬ 
bed  in  a  saturated  solutian  of  barium  hydroxich.  The  liquid  Eactlon  products  were  washed  with  distilled  water  mtil 
they  were  neutral,  in  order  to  remove  isoiaopyl  alcdiol  and  other  water -soluble  substances,  particularly  HCL  The 
HCl  from  die  trap  and  from  die  water-alcohol  solutian  was  determlitod  by  titrationwidia'O.l  or  0.5  N  solution  of 
alkali.  In  the  water -alcohol  solution,  acetone  was  determined  as  the  2.4-dlnitrq)henylhydrazone;  its  m.p.  was  12?, 
and  a  test  sample  of  a  mixture  showed  no  m.p.  depression. 

After  a  wadilng  with  water  and  a  drying  widi  calcium  diloride.  the  liquid  water-insolihle  reaction  products  were 
distilled.  A  fraction  widi  a  b.p.  of  65-7?  (a  mixture  of  chloroform  and  carbon  tetiachloride)  distilled.  After  an  addi¬ 
tional  drying  with  ckicium  chloride,  and  then  with  1^0^,  chloroform  (b.p.  60.5-62.?,  (f°  L474.  nB  1.4415)  was  separa¬ 
ted  from  this  fraction  by  fractianal  dstillation  The  benzoyl  peroxide  decomposition  products  were  not  investigated 
in  the  present  work,  since  we  determined  them  earlier  in  experiments  with  isopropyl  alcdxil  [3]. 

Blank  eiqieriments.  without  benzoyl  peroxide,  were  made  for  CCI4  aid  isopropyl  aloohol,  from  which  after  an80- 
hour  heating  we  obtained  0.42  g  of  HCl  and  0.09  g  of  acetone.  The  appropriate  correcticHis  were  Introduced  into  the 
tables. 
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Molts.*  0/  ptrenid^ 

Relation  of  chdln  lengths  to  the  benzoyl 
peroxide  concentration.  l)CCl4+ iso¬ 
propyl  alcohol;  2)  CCI4  +  mediyl  alcohol. 


Rsactitxi  of  carbon  tetrachloride  and  methyl  alcohol  In  the  pre¬ 
sence  of  benzoyl  peroxide.  In  different  experiments  we  Introduced  dif¬ 
ferent  quantities  of  benzoyl  peroxide  (0.25,  0.5.  1,  2.  and  6  g)  into 
equimolecuLu  quantities  of  carbon  tetrachloride  (154  g)  and  methyl 
alcohol  (32  g).  The  components  were  heated  the  water  bath  for  40 
hours.  After  this  time  no  more  peroxide  remained  In  the  reactlcm  mix¬ 
ture.  The  gases  which  formed  were  absorbed  by  distilled  water  (HCl) 
and  by  a  saturated  solutiai  of  barium  hydroxide  (COj).  The  liquid  reac¬ 
tion  products  were  acidic,  and  the  alcohol,  other  water-soluble  subtances 
and  HCl  were  washed  out  with  distilled  water  until  the  reaction  products 
were  neutral  The  HCl  from  the  absorbers  and  from  the  water-alcohol 
solution  was  determined  by  titration  with  a  0.1  N  solution  of  alkali. 
Formaldehyde  wal  determined  in  the  acidic  water-alcohol  solution  as 
the  dimedon  derivative  precipitate  (m.p.  186* .  test  sample  of  mixture). 

After  a  washing  with  water  and  a  drying  with  calcium  chloride, 
the  liquid  reaction  products  were  distlUed.  A  haction  with  a  b.p.  of 
70-76*  distilled.  This  fraction  was  refluxed  with  dilute  hydrochloric 
acid  in  order  to  break  methylal  down  to  the  alcohol  and  formaldehyde; 
after  a  drying  over  PjOj,  the  refluxed  solution  was  fractionally  distilled, 
and  a  diloroform  fractionwas  separated  (b.p.  61-63r,  1.4950, 

1.4450).  The  benzoyl  peroxide  decomposititm  products  were  isolxed 
earlier  [4]. 


As  also  in  the  preceding  work,  blank  experiments  were  carried  out.  and  corrections  wse  made  fox  HCl.  and 
wae  recorded  in  Table  2.  (Quantity  of  HCl  in  all  tests,  0.01  g). 


SUMMARY 

1 .  It  was  4inwn  that  benzoyl  peroxide  initiates  a  chain  reaction  between  carbon  tetrachloricfe  and  methyl  or 
isopropyl  alcohol. 

2.  It  was  found  diat  the  lengdi  of  the  chain  is  much  longer  in  the  reactions  with  isopropyl  alcdioL 

3.  A  mechanism  was  proposed  for  the  chain  reaction  between  carbon  tetrachloride  and  alcohols. 
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THE  PROBLEM  OF  THE  STUDY  OF  THE  REACTION  MECHANISM  OF  THE 


ESTERIFICATION  OF  ETHYL  ALCOHOL  OVER  COPPER  CATALYSTS 

IV.  CONSECUTIVE  CONVERSIONS  OF  ALCOHOL  TO  ACETALDEHYDE  AND  ETHYL 
ACETATE  ACCORDING  TO  THE  LENGTH  OF  THE  CATALYST  LAYER 

B.  N.  Dolgov,  T.  V.  Nizovkina  and  I.  M.  Stroiman 


During  a  study  of  the  catalytic  reaction  of  the  formation  of  ethyl  acetate  from  mixtures  of  ethyl  alcdnl  and 
acetaldehyde,  we  found  [1]  that  eth)i  acetate  is  produced  from  such  mixtues  in  an  amount  wdich  exceeds  die  quantity 
of  alcohd  reacted,  and  that  part  of  the  ethyl  acetate  forms  from  the  acetaldehyde.  We  expressed  the  assumption  that 
even  in  the  esterification  of  pure  ethyl  alcohol  over  copper  catalysts,  acetaldehyde  is  aa  intermediate  reactim  product 
Additional  chta  which  confirm  the  validity  of  this  assumption  are  cited  In  the  present  wotk.  These  data  were  obtained 
as  a  result  of  experiments  on  the  study  of  die  variations  of  acetaldehyds  and  ethyl  aceate  yidds  in  relation  to  d£  length 
of  the  catalyst  layer  iithe  esterification  of  ethyl  alcohoL 

We  used  a  copper  activated  catalyst  for  carrying  out  the  dehydrogenation  and  esterification  aactions  of  ethyl 
alcohoL  The  catalyst  was  active  with  respect  to  both  the  dehydrogenation  and  the  esterification  reactions, thanks  to 
which  we  always  found  acetaldehyde  and  ethyl  acetate  in  the  reaction  predicts  in  quantities  whldi  enabled  us  to  estab¬ 
lish  accuately  the  ratios  between  them. 

Alcohol  vapors  were  passed  through  a  reactor,  into  whidi  a  definite  quaitity  of  catalyst  was  charged.  The  yields 
of  the  reaction  products  were  studied  for  three  different  lengths  of  catalyst  layer.  In  die  first  series  of  expaiments  5.5 
ml  of  the'  catalyst  was  placed  in  the  reactor,  in  the  second  series  —  U  mL  and  in  the  third  —  22  mL  The  reactor  was 
placed  in  an  oil  thermostat  in  order  to  provide  constant  temperatures.  Experiments  were  catfied  out  at  220  and  240*. 
Fluctuations  of  the  temperatures  did  not  exceed  0.5*.  For  each  temperature  aid  each  catalyst  layer  taken,  we  carried 
out  4  experiments  at  different  volume  rates,  corresponding  to  inputs  of  0.032,  0.064,  0.128  and  0.160  g  of  alcohol  per 
minute. 

The  appaatus  aid  the  analysis  of  the  products  were  described  in  [IJ. 

The  results  of  the  experiments  are  cited  in  Table  1. 

The  effect  of  variation  of  die  length  of  the  catalyst  layer  on  the  yield  of  reaction  products  may  be  seen  in 
Figs.  1,  2  and  3.  The  change  of  the  aloohol  quantity  is  shown  in  Fi^  1.  The  slope  of  the  curves  Indicates  diat  the  quan¬ 
tity  of  alcohol  decreases  shai|>ly  on  passage  over  a  layer  comprising  5.5  ml  of  catalyst,  it  continues  to  decrease  on 
passage  through  the  next  5.5  ml  of  catalyst,  but  diaqges  little  with  a  furdier  increase  of  die  catalyst  Layer  to  22  mL 

The  acetaldehyde  content,  as  shown  by  the  slope  of  the  curves  in  Fig.  2,  Increases  on  passage  ova  dn  first  5.5  ml 
of  catalyst,  reaches  a  maximum  in  the  region  of  the  second  5.5  mL  and  decreases  sharply  with  passage  over  the  Last 
11  ml  of  catalyst 

According  to  Fig.  3,  the  ed^I  acetate  content  in  the  reaction  products  increases  in  direct  proportion  to  the  in¬ 
crease  of  die  length  of  the  catalyst  laya,  for  which  the  most  rapid  increase  of  the  ethyl  acetate  content  was  observed 
within  the  range  of  the  second  catalyst  Laya  —  from  5.5  to  11  mL 

A  compaison  of  these  results  diows  that  on  passa^  over  the  last  11  ml  of  catalyst  the  increase  in  the  ediyl  ace¬ 
tate  yield  can  resilt  only  from  the  acetaldehyde,  and  not  from  the  alcohol,  the  quantity  of  which  scarcely  varied  in 
this  layer.  In  the  preceding  catalyst  Layers,  the  rate  of  formation  of  ed^l  acetate  varied  concunently  with  the  change 
of  die  acetaldehyde  concentration,  bit  showed  an  inverse  relationship  to  the  alcohol  concentration;  in  the  second  cata¬ 
lyst  layer,  the  rate  of  formation  of  the  ester  was  greater  dan  in  the  first,  while  the  alcohol  content  in  the  second  h^r 
was  much  lower  (by  some  ten  per  cent)  than  in  the  first.  These  data  confirmed  our  assumption  that  the  estaification 
reaction  of  ethyl  alcohbl  to  ethyl  acetate  is  a  consecutive  reaction,  and  that  the  first  sta^  of  the  reaction  conshts  of 
the  formation  of  an  intermediate  product  —  acetaldehyde,  from  which  the  formation  of  ediyi  acetate  occub. 


I 
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TABLE  1 


Experiments  vfitfi  Alcohol  over  Different  Catalyst  Layers  (alcohol  95.5^  by  wt.,  d*  0.8087) 


Tcm- 

Length  of 

Quantity  of 

1  Liquid  products  obtained 

(in  percent'!  by  wt  of  condensate) 

pera- 

time  of 

alcohol  sup- 

liquid 

gas  under 

■ybM 

acetaldehycb 

ethyl 

ture 

expt  (tniiO 

plied  (g/miiO 

condensate 

(g) 

standard 

conditions 

(ml) 

alconol 

Volume  of  catalyst  &5  ml 


220* 

60 

0.032 

1.84 

194 

0.1 

7.7 

8.3 

77.5 

220 

30 

0.064 

1.84 

128 

0.2 

5.6 

64 

81.7 

220 

30 

0.128 

3.92 

194 

0.1 

4.0 

7.8 

82.1 

2-20 

30 

0.160 

4.60 

270 

0.1 

3.7 

6.8 

83.4 

240 

60 

0.032 

1.84 

288 

0.3 

11.4 

124 

69.5 

240 

30 

0.064 

1.86 

217 

0.2 

9.1 

11.8 

72.6 

240 

30 

0.128 

a  80 

368 

0.14 

6.7 

166 

76.3 

240 

30 

0.160 

5.50 

405 

0.13 

5.5 

10.0 

79.0 

Volume  of  cataljet  11  ml 


220 

60 

0.032 

1.87 

288 

0.50 

20.4 

8.4 

6i.3 

220 

30 

0.064 

1.76 

233 

0.40 

17.1 

9.5 

06.3 

220 

30 

0.128 

3.51 

393 

0.30 

13.0 

9.2 

77.3 

220 

30 

0.160 

4.60 

557 

0.30 

12.1 

9.7 

71.5 

240 

60 

0.032 

1.74 

453 

0.90 

29.6 

1L8 

- 

240 

30 

0.064 

2.12 

486 

0.70 

26.2 

113 

80.7 

240 

30 

0.128 

a7i 

716 

0.47 

20.6 

135 

59.0 

240 

30 

0.160 

4.58 

844 

0.44 

19.0 

131 

60.9 

Volume  of  catalyst  22  ml 


220 

60 

0.032 

1.74 

595 

0.77 

27.0 

5.9 

65.3 

220 

30 

0.064 

'2.05 

376 

0.52 

2ao 

5.2 

64.9 

220 

30 

0.128 

a96 

634 

0.33 

18.8 

7.7 

67.P 

220 

30 

0.160 

4.76 

743 

0.33 

17.3 

8.4 

67.7 

240 

60 

0.032 

1.84 

469 

0.54 

30.0 

43 

68.5 

240 

30 

0.064 

1.84 

446 

1.0 

30.0 

6.7 

55.9 

240 

30 

0.128 

3.60 

734 

0.88 

27.8 

8.3 

57.0 

240 

30* 

0.160 

4.60 

816 

0.80 

27.3 

8.8 

56.5 

Fig.  1  fffect  of  the  lengdi  of  the  catalyst  layer  on  the 
yield  of  reaction  products.  I)  220*:  II)  240*.  Input*.  1) 
0.032  g/min;  2)  0.064  g/mln;  3)  0.128  g/min;  0.160 
g/mln. 


Fig.  2.  Relation  of  the  acetaldehyde  yield  (in  wt.  7o)  to 
the  length  of  the  catalyst  layer.  I)  220*;  U)  240*.  Input: 
1)  0.032  g/min;  2)  0f064  g/min;  3)  0.128  ^min;  4f 
0.160  ^min. 


-  - - » _ L.  _ « 

m  0.t7  6.0b  669  01C 

Pairt  by  cf  aceteiokbyi/elmax-) 


Fig.  S  Rslation  of  the  ethyl  acetate  yield  (in  wt  °lo)  to  the  length  Fig.  4.  Relation  of  the  value  of  r  to  the  part  by 

of  the  catalyst  layer.  I)  22(f ;  II)  24(T.  Input:  1)  0.032  g/min;  2$  weight  of  acetaldehyde 

0.064  g/mln;  Sj)  0.128  g/min;  4)  0.160  g/min. 


The  late  of  the  consecutive  reaction  which  we  considered  depend  on  diffusion,  as  we  showed  earlier,  but  it  also 
depends  on  the  concentration  of  reactants  on  the  catalyst  surface.  Since  die  adsorption  coefficimts  of  ethyl  acetate 
and  acetaldehyde  are  close  together,  the  rate  equation  of  this  consecutive  reaction  does  not  depend  sharply  on  the 
denominator  indie  formula  of  the  Laigmuir  adsorption  isotherm,  and  can  be  assumed  to  be  approximately  an  ex¬ 
pression  of  a  first  order  reaction.  The  ratio  between  the  aldehyde  and  ethyl  acetate  may  be  evaluated,  ising  d£ 
well-known  derivation  of  the  formulas  of  the  kinetics  of  consecutive  first  order  reactions  [21  The  content  of  the  final 
product,  in  our  case  ethyl  acetate,  in  the  reaction  mixture  at  the  moment  t  maybe  represented  by  the  formila 


y=  a 


1__A_  e-kit  + 


k,-k 


(1) 


where  and  are  the  rate  constants  of  the  dehydrogenation  of  dcdiol  to  acetaldehyde,  and  the  esterification  of  the 
acetaldehyde  to  ethyl  acetate;  ^is  die  ediyl  acetate  content  in  the  reaction  mixture;  ^is  the  initial  per  cent  by  weight 
of  the  alcohol;  and  ^  is  the  period  of  passage  of  the  reaction  layer  dong  a  definite  length  of  catalyst  layer. 


The  quantity  of  intermediate  product  —  acetaldehyde  —  at  dis  same  moment  is  expressed  by  the  formula 

*-y=  (e-kit-e'kt*).  (2) 


where  x  is  die  portion  of  alcohol  which  had  time  to  react  at  the  moment  t.  The  remaining  symbols  are  die  same  as 
in  equation  (1). 


The  maximum  yield  of  intsmediate  product  may  be  expressed  by  the  equation 


(x-y) 


max 


=  A- 

1-r 


where  r^  is  the  ratio  of  both  reaction  rates,  and  ^  =  kj£_. 


(3) 


Using  equation  (3),  we  calculated  the  ratio  between  both  product  from  experimentd  data,  proceediqg  from  die 
maximum  yield  of  aoetaldehych,  taken  from  Fig.  2.  We  obtained  a  sedes  of  curves  which  indicated  the  yields  of 
acetaldehyd:  in  relation  to  the  length  of  the  catalyst  layer,  at  dfferent  rates  of  input  of  alcohol.  Nevertheless,  for 
each  rate  of  input  that  point  is  inadequate  for  judgment  concerning  the  position  of  the  maximum,  howeva,  the  valid 
ity  of  the  decrease  of  the  maxima  and  die  identity  of  the  character  and  slope  of  the  curves  for  different  irpufi^  offers 
the  possibility  of  determining  the  maximum  acetaldehyde  yield  radier  accurately.  The  results  obtained  are  dted  in 
Td>le  2  and  in  Fig  4.  where  the  data  obtained  experimentally  are  plotted  on  the  theoretically  calculated  curve. 
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TABLE  2 


SUMMARY 


Calculation  of  the  Ratio  of  the  Rate  Constants  of  the  Reactions  of 
Formation  of  Acetaldehyde  and  Ethyl  Acetate 


Tempera¬ 
ture  of 
experiment 

Quantity  of  al¬ 
cohol  supplied 

Time  of 

contact 

(sec) 

Maximum  yield 
of  acetaldehyde 
(part  by  wei^t) 

Ratio  of 

rate  con¬ 
stants 

220* 

0,032 

0.590 

0.084 

9.00 

220 

0.064 

0.335 

0.095 

7.75 

220 

0.128 

0.161 

0.092 

8.00 

220 

0.160 

a  128 

0.098 

7.50 

240 

0.032 

0.560 

0.124 

5.45 

240 

0,064 

0.257 

*0.117 

5.90 

240 

0.128 

0.152 

'  0.135 

4.80 

240 

0.160 

0171 

0.130 

5.00 

It  was  shown  that,  in  prop  ortion  to  the 
passage  over  the  length  of  the  catalyst  layer, 
the  composition  of  the  reaction  products  of 
the  transformation  of  ethyl  alcohol  over  a 
copper  activated  catalyst,  vary  in  such  a 
way  that  in  tlte  first  layers  of  catalyst 
chiefly  the  formation  of  aeetaldehyle  occurs, 
which  in  the  following  layers  is  later  con- 
\erted  to  ahyl  acetate.  The  maximum  yield 
of  ethyl  acetate,  corresponding  to  the  pass- 
age  over  a  definite  length  of  catalyst,  may 
serve  as  die  characteristic  activity  of  the 
catalyst  with  respect  to  die  dehydrogenation 
reaction  of  the  alcohol  and  the  ester  conden¬ 
sation  of  acetalchhyle. 
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DERIVATIVES  OF  ACETYLENE 


166.  CYANOETHYLATION  OF  ACETYLENE  ALCOHOLS 


I.  N,  Nazarov  and  G.  A.  Shvekhgeimet 


The  present  work  is  a  continuation  of  our  investigation  [1]  of  the  reaction  of  acetyloie  alcohoB  and  acrylonitrile. 
In  all  the  experiments  a  AVjo  aqueous  solution  of  potassium  hydroxide  was  used  as  the  catalyst.  In  canying  out  the  reac¬ 
tion  of  acrylonitrile  with  the  aystalline  acetylene  alcohols,  doxane  wiich  had  not  been  subjected  to  preliminary  puri¬ 
fication  from  peroxide  was  used  as  the  solvent  but  before  dstillation  the  reaction  mixture  was  stirred  for  1  hour  widi  a 
small  quantity  of  ferrous  sulfate. 

CXicyanofe delation  of  propylethynylcarbinol,  an  82^  yield  of  the  conespcnding  B  -cyanoediyl  ether  (I)  was  ob- 


OH 

I 

CHjCHjCHjCHC  =CH 


,=CHCN 


OCHtCHpN 

CHjCHiCHjCHCsCH 


The  branching  of  the  chain  in  isopropylethynylcarbinol  did  not  appear  to  be  a  great  hindrance  to  die  cyanoethyla- 
ticn  reaction,  and  a  61*7o  yield  of  the  corresponding  0  -cyanoethyl  ether  (II)  formed: 


‘^CHOICeCH 


CpCHjCH^N 

I 

.CHCHC=CH 


The  seconchry  acetylene  alcohol  (III),  which  has  a  benzene  nucleus  in  its  molecule,  adds  acryloitrile  smoodily, 
forming  an  SOf^o  yield  of  the  0  -cyanoedyl  ether  (IV): 


a 


CH^CHjCHC*CH 


OCHjCH^ 

^  ^-CHgCHtCHCsCH 
(IV) 


TatUry  acetylene  alcohols,  unlike  dieir  saturated  analogs,  also  enter  readly  into  the  cyanoethylation  reaction. 

On  reaction  of  mediylediylethynylcaxbinol  with  acrylonitrile,  a  96*70  yield  of  the  0  -cyanoethyl  ether  (V)  was 
obtained: 


‘CCSCH 


rCHCN 


OCHjCH^ 

I 

CCaCH 


As  is  obvious  from  the  reaction  of  dipropylethynylcarbinol  with  acrylonitrile,  an  increase  of  the  radical  in  the 
tertiary  acetylene  alcohols  did  not  afreet  this  reaction;  this  a  95*7o  yield  of  0  -cyanoethyl  ether  (VI)  ws  d)talnBd: 


__  __  __  OH 

CHjCH^  I 

CCsCH 


CHjCHjCHj 

CHjCHjCH,' 


OOixCHfCN 

^CCsCH 


The  cyanoediylation  of  the  tertiary  acetylene  alcohol  obtained  from  mesltylene  oxide  proceeds  readily. .  The 
yield  of  0  -cyanoethyl  ether  (VII)  was 


^  OH 

CH,  I 

^C=CHCC3CH 

CH,-^  I 

•  CH, 


OCHfCH^N 
:C=C2iCC  3CH 
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l.Ethynylcyclohextnol  reacts  smoothly  with  acrylonitrile  It  a  dioxane  solition.  and  forms  a  93f!/o  yield  of  the 
Ikjiid  fl  -cyanoethyl  ether  (Vni); 


/ - ^*^«*^^**  y  >^OCHtCH2CW 

- >^C=CH  - ^CsCH 

(VMI) 

The  reaction  of  2-ettiynyldecalol-2  with  acrylonitrile  ti  a  dioxane  solitioa  leads  to  die  formation  of  an  89*55) 
yield  of  the  d  -cyaioethyl  ether  (IX); 


In  a  doxane  solution,  the  acetylene  alcohol  from  acetophenol  reacts  readily  with  acrylonitrile  and  forms  an  al¬ 
most  quaitltative  yield  (97*^)  of  the  S  -cyaaoeth)!  ether  (X): 


OH 

“A  i _ CH^CHCN 

>.v  /)-CCaCH  — - i 

V./  1 

CH, 


OCHjCHjCN 

-CC3CH 

I 

CH, 

(X) 


Diphenylethynylcarbinol  also  reacts  readily  and  smoothly  with  acrylonitrile  in  a  dioxane  solution,  forming  ai 
81*^  )ield  of  the  0  -cyanoethyl  edier  (XI): 


OH 

^c-CH 


CC=CH 

ex 

fxi) 


From  the  acetylene  alcohol  (XII),  conuining  a  pyran  ring,  a  77*^  yield  of  the  corresponding  0  -cyanoethyl  ether 
(XIII)  was  obtained: 


HCaC^OH 


/ 

CHj  CHtrCHCW  ^ 

(yii) 


HCsC^OCH,CHtCH 


I  I.CH, 


0('‘0 


EXPERIMENTAL 

All  the  experiments  on  the  cyanoethylation  of  the  acetylene  alcohols  were  carried  out  in  a  three -necked  flask 
equipped  with  a  mechanical  stirrer,  thermometer  and  reflux  condenser.  To  the  mixture  of  the  acetylene  alcohol  and 
the  catalyst,  acrylonitrile  was  added  from  a  dropping  funnel  through  the  adapter  of  the  reflux  condenser.  The  acetyl¬ 
ene  alcohols  were  obtained  by  condaisation  of  aldehydes  and  ketones  widi  acetylene  in  the  presence  of  powdered  potas- 
siim  hydroxide,  under  an  acetylene  pressure  of  5-8  atm  [2]. 

Reaction  of  acrylonitrile  with  propylethyn^icarbinoL  To  a  mixture  of  39.2  g(0.4  mole)  of  propyletlyiylcarbinol 
(b.p.  1435*)  and  3  g  of  a  40^  aqueous  solution  of  ik)tasslum  hydroxide,  21.2  g  (0.4  mole)  of  aaylonitrile  was  added. 
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with  energetic  stirring,  at  sich  a  rate  as  not  to  raise  the  temperature  of  the  mixture  above  2S’.  After  addition  of  the 
acrylonitrile  die  mixture  was  stirred  at  room  temperature  for  4  hours,  and  then  it  stood  over  night.  On  the  next  day,  the 
alkali  was  neutralized  with  hydrochloric  acid  (1:1),  the  potassium  chloride  which  precipitated  was  filtered  off,  and 
the  filtrate  was  vacuum  distilled. 

We  obtained  44.8  g  of  the  0  -cyanoethyl  ether  (I)  with  ab.p,  of  90-91*  at  6.5  mm,  n^  1.4432  ^  0.9243,  MRjj 
43.34,  calculated  43.16. 

Found<7o:  N  8.91,  9.05.  C:9HiiON,  Calculated N  9.27. 

3.8  g  of  the  origlml  carbinol  in  the  experiment  was  reoovaed. 

The  cyanoethylation  of  the  remaining  acetylene  alcohols  was  carried  out  in  a  similar  way 

Reaction  of  acrylonitrile  with  isopropylethynylcarblnol.  In  the  reaction  49  g  (0.5  mole)  of  Isopropylethynylcar- 
blnol  (b.p.  133*),  3.5  g  of  a40^o  acjuGOus  solution  of  potassium  hydroxide,  and  26.5  g  (05  mole)  of  acrylonitrile  were 
taken 

We  obtained  37.5  g  of  the  0  -cyanoeth)i  ether  (H)  whh  a  b.p.  cf  83-8S  at  5.5  mm.  n^  1.4405,  d*  0.9266, 

MRd  42,98;  calculated  43.16. 

Found ‘7o.-  N  9.29.  9.45.  GjHuON.  Calculated N  9.27. 

From  the  experiment  9.4  g  of  the  original  carbinol  was  recovered. 

Reaction  of  acrylonitrile  wlth0  -i^enylethyethynylcarbinol.  In  the  reaction  25.5  g(0.16  mole)  of  6  -phenyl - 
ethyleth)nylcad)inol  (III)  (b.p.  125-126*  at  10  mm).  2  g  of  a  40*^  aqueous  solution  of  potassium  hydoxlde,  and  8.5  g 
(0.16  mole)  of  acrylonitrile  were  taken. 

We  obtained  24.2  g  of  the  0  -cyanoethji  ether  (IV)  wife  a  b.p.  of  141-143*  at  3  mm,  n^  1.5135,  L0207, 

MIt)  62.77;  calculated  62.65. 

Found <5i«;  N  6.69,  6.90.  C^HjgON.  Calculated  %  N  6.57. 

From  the  experiment  2.9  g  of  the  ordinal  carbinol  was  recovered. 

Reaction  of  acrylonitrile  vyjth  methylethylethynylcarblnol.  In  the  reaction  88  g(0.9  mole)  of  methylethyl- 
ethynylcarbinol  (hp.  121-122*),  6  g  of  a  40^  aqueous  solution  of  potassium  lydroadde,  and 48  g  (0.9  mole)  of  acrylo¬ 
nitrile  were  taken. 

We  obtained  103  g  of  the  0  -cyanoethyl  etiier  of  methylethylethynylcarblnol  (VII)  with  a  b.p.  of  67-68*  at  3.5 
mm.  6^  at  2.5  mm.  nfj  1.^01,  df  0.9255,  MR^  43.00;  calculated  4^16. 

Found  ^ai  N  9.39.  9.37.  C^ijON.  Calculated  <1oi '  N  9.27. 

From  the  experiment  18.8  g  of  the  original  carbinol  was  recovered. 

Reaction  of  acrylonitrile  wldi  dlpropylethynylcarblnol.  In  the  reaction  23.5  g  (0.17  mole)  of  dipropylethynyl- 
carblnol  (t>.  p.  173-174*),  2  g  of  a  4(y7o  aqueous  solution  of  potassium  hyiroxide.  and  9.0  g  (0.17  mole)  of  acrylonimie 
wffe  takeiL 

We  obtained  17.1  g  of  the  0  -cyanoethyl  ether  of  dlpropylethynylcarblnol  (Vni)  vrtth  ab.p.  of  98-99*  at  4 mm, 
1)2-103'  at  5  mm.  1.4482.  df  0.9078,  MR^  56.93;  talculated  57,01. 

Found‘i/o;  N  7.38,  7.36.  CnH^ON.  Calculated  *70:  N  7.25. 

From  the  experiment  10.5  g  of  the  original  carbinol  was  recovered. 

Reaction  of  acrylonitrile  with  metfayllsobutenylethynylcarblnol.  In  the  reaction  20  g  (0.161  mole)  of  methyl- 
isd)uten)fediynylcarblnol  (hp.  61.-64^  at  17  mm),  2  g  of  a  40^  aqueous  solution  of  ptasshm  hydroxide,  and  8.6  g 
(0.162  mole)  of  aaylonitrlle  were  taken. 

We  obtained  18.3  g  of  the0  -tyanoethyl  ether  (VII)  with  a  b.p.  of  98-100*  at  5  mm,  1.4647,  df*  0.9426, 

MI^  51.88;  calculated  51.93. 

Found‘d  N  8.36,  8.37.  CjiH^ON.  Calculated  N  7.91. 

From  the  experiment  2.5  g  of  the  original  carbinol  was  reoovored. 
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Reaction  of  acrylonitrile  with  l-ethynylcydofaexaiol.  &  the  reaction  62  g  (0.5  mole)  of  l-ethynjicyclohexaiol 
(b.p.  179*),  4.5  g  of  a  40*^  aqueous  solution  of  potassium  hydroxide.  50  ml  of  anhydrous  dioxane,  and  26.5  g  (0.5  mole) 
of  acrylonitrile  vrae  taken. 

We  obtained  67.5  g  of  the  fi  -cyanoethyl  ether  of  l-ethynjicycloheMuiol  (X)  widi  a  b.p.  of  92-95*  at  3  mm, 
ng  1.4745,  0.9926,  MRj^  50.16;  calculated  50.19. 

Found<5k  N  7.86,  7.80.  CnHuON.  Calculated  <70:  N  7.91 

From  the  experiment  10.9  g  of  the  original  carbinol  was  recovered. 

Reaction  of  acrylonitrile  with  2-ethynyldecalol-2.  In  die  reaction  36  g  (0.2  mole)  of  2-ethynyldecalol-2  (b.p. 

100 -Ml*  at  4  mm),  50  ml  df  anhydrous  dioxane,  3  g  of  a  4(y^o  aqueous  solution  of  potassium  hydroxide,  and  11  g  (Q2 
mole)  of  acrylonitrile  were  taken. 

We  obtained  34,1  g  of  die  jj  -cyanoethji  ether  of  2-ediynjidecalol-2  (IX)  with  ab.p.  of  150-153“  at  4.5  mm, 
ng  1.4976,  1.0880,  MR^  66.06;  calculated  66.47. 

Found'jfc:  N  6.34,  6.32.  CaHjPN.  Calculated  N  6.06. 

From  die  expedment  6.5  g  of  the  original  carbinol  was  recovered. 

Reaction  of  acrylonitrile  with  mediylphenylethynylcarbinoL  In  the  reactioa72  g  (0.5  mole)  of  methylphenyl- 
ediynylcarbinol  (hp.  106-107*  at  15  mm),  60  ml  of  anhydrous  dioxane,  7  g  of  a  4ff7o  aqueous  solution  of  potassium 
hydroxide,  and  26.5  g  (d  5  mole)  of  acrylonitrile  were  taken. 

We  obtained  73.7  g  of  the  6  -cyanoediyl  edier  of  methylidienyleth ynylcarbinol  (X)  with  ab.p.  of  115-118“  at 
3.5  mm.  ng  1.5124,  ^  1.0356.  MRj,  57.70;  calculated  58.03. 

Found'^k  N  7.32,  7.26.  Ci^yON.  Calculated  7.04. 

From  the  experiment  16.5  g  of  the  original  carbinol  was  recovered. 

Reaction  of  acrylonitrile  with  diphenylediynylcarblnoL  In  the  reaction  55  g  (0.264  mole)  of  diphenyled^ji- 
carbinol  (b.p.  125-126*  at  1  mm).  100  ml  of  anh)idrous  dioxane,  4.5  g  of  a  40*^  aqueous  solution  of  potassiun  hydroxide, 
and  14.5  g  (0.274  mole)  of  acrylonitrile  were  taken. 

We  ditained  54.3  g  of  the  0  -cyanoethyl  ether  of  diphenylethynylcarbinol  (XI)  with  a  b.p.  of  167-175’  at  3.5  mm; 
m.p.  84.-85“  (from  a  mixture  of  petroleum  ether  and  acetone). 

Found  N  5.68.  5.43.  CbHjjON.  Calculated  <7):  N  5.36. 

From  die  experiment  1.9  g  of  the  original  carbinol  was  recover  ed. 

Reaction  of  acrylonitrile  wjth  2,2-dimethyl -4-ediynyltetrdiydro-4-pyranol.  In  the  reaction  85  g  (0.552  mole) 
of  2,2-dimethyl -4-ethynyltetiahydro-4-pyranol  (XII)  (b.p.  87-8^  at  3  mm),  150  ml  of  anhydrous  diooane;  6  g  of  a 
40^0  aqueous  solution  of  potassium  hydroxicb,  and  29.5  g  (0  555  mole)  of  acrylonitrile  were  taken 

We  obtained  85.8  g  of  die  0  -cyanoethyl  edier  (XID)  vtidi  a  b.p.  of  122-125*  at  3  mm;  ng  L4719,  <^1.0984, 

MR]^  56.04;  calculated  56.46. 

Foiind‘5fc  N  7.3  2,  7.17.  CnH^O^.  Calculated  N  6.76. 

From  the  eiqieriment  2.1g  of  the  original  carbinol  was  recovered. 

SUMMARY 

1.  For  the  first  time,  the  cyanoethylationof  a  series  of  secondary  and  tertlaiy  acetylene  alcohols  wldi  different 
suixtituents  was  urried  out.  and  in  dis  way  we  dxained  hi^  yields  of  the  0  -cyaioethyl  ethers  of  propylethynylcarbinol 
isqjrqiylediynjlcarbinol,  0  -phenylediylethynjicarblnol,  methylediylethynylcarblnol,  dpropylethynylcarblnol,  1-etiynyl 
cyclchexanol.  2-ethynyldecalol-2,  medylIsobutene-(l)-ethynylcarbinol,  metiylphen^ethynjicarbinol,  diphenylethynyi- 
carbinol  and  2,2-dimethyl-4-ethynyltetrahydro-4-pyranol. 

2.  It  was  diown  that  under  comparable  reaction  conditions  the  size  and  degree  of  branching  of  the  radicals  In 
the  acetylene  alcohols  did  not  have  a  substantial  effect  on  the  yield  of  the  corresponding  0  -cyanoethyl  ethers. 
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CYCLIC  a -diketones  in  addition  reactions 

I.  N.  Nazarov  and  S.  I.  Zavyalov 


We  showed  earlier  [1-3]  that  dlhydroresorcinol  and  its  derivatives  condense  with  vii^  ketones  and  acrylonitrile, 
forming  compounds  which  are  not  readily  available  by  other  methods,  and  which  may  be  used  in  the  syntheis  of  sfer- 
oi^  and  related  substances  [4].  In  order  to  follow  the  effect  of  the  ring  on  the  reactivity  of  the  a  -diketonic  group, It 
was  of  interest  to  investigate  more  extensively  the  behavior  of  the  cyclic  a  -diketones  in  addition  reactions.  Moreover, 
an  exploration  of  the  methods  of  introduction  of  the  dihydroresorcinol  ring  into  the  molecule  of  organic  compomds 
also  was  of  preparative  intaest,  since  in  the  presence  of  this  ring  the  compounds  can  easily  be  converted  to  die  higher 
aliphatic  keto  acids  (II)  and  the  dicydic  diketones  of  type  (I). 


a) 


In  the  present  work  it  was  found  that  the  cyclic  a  -diketones,  which  have  no  substituents  between  the  carbonyl 
groups,  reaa  with  the  a  -  and  a  -substituted  a, a  -unsaturated  ketones. 
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This,  on  boiling  a  water -dioxane  solution  of  the  Na-derivative  of  dimedon(ni)  with  methyl  isopropenji  ketone 
and  ethylidene  acetcme,  the  corresponding  triketones  (IV)  and  (V)  were  formed.  Conduction  of  the  reaction  in  a  med¬ 
ium  of  aqueous  dioxane  gave  the  best  results.  For  eiample,  the  condbnation  of  methyldihydroresordnol  (XXII)  with 
carbethoxymetfiyl  vinyl  ketone  (XXV)  in  a  .methanol  solution  gave  a  yield  of  oi4y  5T54>,  whereas  in  aqusoiB  doxane  the 
yield  for  this  reaction  amounts  to  73^o  aid  at  the  same  time  we  am  separate  the  keto  form  of  l,6-dketo-5-carbethoxy- 
9  -methyl -A*(®)-octalin  (XXVI)  in  the  pure  crystaUine  form.  The  heating  of  Na-dimedon  with  an  excess  of  acrylonitr¬ 
ile  in  a  tert-butyl  alcrfiol  at  80“  for  6  hours  leads  to  the  formation  of  an  80^o  yield  of  the  monocyanoethyl  derivative, 
whereas  in  at  aqueous  dioxane  solution  mda  de  same  conditiois  a  63^o  yield  of  the  bis -addition  product  (VUI)  forms. 

This,  the  polarity  of  the  solvent  fa/orably  influsnoes  the  course  of  the  Michael  rea:tion  of  the  cyclic  0  -diketones. 

We  may  successfully  use  the  0  -aminoketone  hydrochlorides,  whidi  are  easily  obainedby  die  Mannich  reaction, 
as  a  source  of  thea,0  -unsaturated  ketones.  Fa  example,  on  reacticoi  of  2-dlmethylaminomethylcycldiexanone  hydro¬ 
chloride  (XII)  vrith  dimedon  (HI)  or  dhydroresorcinol  (Xni).  the  dicyclic  triketones(IX)  and  (XVIII)  are  obtained  in  hl^ 
yidds.  ii  these  condaxsations  it  is  possilie  to  use  much  less  than  the  equivalent  qiaixity  of  alkali,  since  dialkylamine . 
which  also  hnds  hydrogen  chloride,  is  sepaiated  in  proportion  to  the  entry  of  0  -  amimketone  into  reaction  Hydrolysis  of 
the  triketone  (XVm)  by  baiyta  water  leads  to  the  formatiaaof  the  unsaturated  dicyclic  keto  acid  (XX),  which  arises  from 
die  hjdrolytic  deavage  of  tie  dfliydrotBsorcinol  ring,  with  subsequent  cyclizadon  of  the  diketone  (XIX).  It  was  found 
thtf  d£  dmedon  ring  of  die  triketone  (IX)  is  extremely  staHe  toward  hydrolysis;  die  initial  product  was  reco\^red  al¬ 
most  completely  from  the  reaction  mixture,  even  after  a  30 -hour  boiling  with  baryta  water.  On  boiling  with  acetic 
anhydide  in  the  presence  of  traces  of  sodum  acetate,  the  keto  acid  (XX)  cyclized  to  d£  lactone  (XKl),  which  was 
easily  convated  to  the  original  keto  acid  (XX)  by  treatment  with  alkali. 


0  -Amincketones,  which  contain  a  free  carboxji  group,  can  react  with  the  cyclic  0  -diketones,  since  the  reaction 
is  carried  out  in  homogeneous  aqueous  solutions.  Thus,  the  condensation  of  methyldihydoresorcinol  (XXII)  wldi  y-(0’- 
piperidlnopropion)!) -butyric  acid  hydrochloride  (XXIH),  in  die  presence  of  an  equivalent  rf  alkali,  gives  the  triketo 
acid  (XXIV). 

Aayllc  ester,  like  acrylonitrile;  condense  readily  with  the  cyclic  0 -diketones  at  100*,  forming  the  oorrespondng 
addition  products.  Upon  reaction  of  dimedon  (IIIO  vvith  an  excess  of  acrylic  ester  in  a  water -dioxane  medium,  in  the 
presence  of  a  small  quantity  of  alkali  on  sods,  an  almost  quantitative  yield  of  the  bis-addtion  product  (VI)  formed,  die 
structure  of  which  was  confirmed  by  its  saponification  to  die  previously  described  keto  tricarboxylic  acid  (VII).  which 
was  obtained  from  di-(0  -c)anoed^l)-dimedon  (Vni).  By  die  use  of  eqiimolecular  (|iaixities  of  eagaits  and  alkali,  d- 
hydrqresorcinol  (XIII)  and  acrylic  ester  gave  diketocarbox^iic  acid  (XVII),  wtich  was  formed  as  a  result  of  dn  sipoilfl- 
cadoaof  die  ester  (XVI)  during  the  process  of  condensation. 
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The  introductioi  of  sibstituents  at  the  double  bond  of  acrylic  ester  and  acrylonitrile  leads  to  a  sharp  decrease  of 
the  reactivity  in  a  number  of  these  compomds  Methacrylic  ester,  meihacrylonitrile  and  crotonic  ester,  on  heating  for 
8-10  hoiTs  at  100”,  did  not  add  to  dihydroresorcinol  (XHI).  dimedon  (III)  and  methyldil^oresOTCinol  (XXII).  Maleic 
ester  constitutes  an  exception,  which  under  die  influence  of  alkali  does  condense  with  dltnedon  (HI)  and  dibydicaesoi- 
cinol  (XIII);  thus,  the  dicarboxylic  acids  (XI)  and  (XIV^),  instead  of  die  esqiected  corresponding  diestas  (X)  and(XV) 
formed,  sinoe  the  diesters  undergo  saponification  during  the  same  reaction" 

a,B  -Unsaturated  carboxylic  acids  (acrylic  acid,  crotonic  acid,  fumaric  acid)  cb  not  react  wididie  cyclic  Q  -di¬ 
ketones  even  on  prolonged  heating  of  the  reagents  in  aqaeous  solutions.  Mcneover,  maleic  acid  readily  condenses  at 
100*.  in  the  presence  of  3  equivalents  of  alkali,  forming  the  previously  mentioned  derivatives  of  succinic  acid,  (XI) 
and  (XIV),  obtained  from  maleic  ester.  Thus,  aocording  to  d£  extent  of  the  (hcrease  of  activation  of  the  double  bond 
of  the  a,B  -unsaturated  compounds  in  reactions  with  the  cyclic  0  -dlketones.  the  polar  goups  can  be  arranged  in  die 
following  sffies:  CO,  CN,  COOR,  COOH. 

The  above  -stated  experimental  data  enable  us  to  coiclude  that  dihydroresacinol  derivatives,  in  spie  of  the  high 
proton  mobility  of  the  hydcgen  atom,  odiibit  a  relatively  weak  capacity  for  the  Michael  reactioiL  The  distinctly  ex¬ 
pressed  acid  properties  of  these  compounds  cannot  of  themselves  by  the  source  of  this  phenomman  since  the  use  of  equi¬ 
valent  quantities  of  alkali  oitalyst  does  not  lead  to  aiy  slgnificait  increase  of  the  reactivity.  ThiE,  for  example,  at 
room  tempaature  the  Na-daivatlve  of  dimedon,  even  over  a  period  of  two  days,  dsesnot  react  with  acrylonittile. 

Spectroscopic  investigations  [5]  and  bromometrlc  tltatbn  data  [0  7],  which  indicate  the  complete  enclization  of 
dimedan  and  dihydroresorcinol  in  acpueous  solizions.  offer  a  basis  fen  assuming  that,  precisely  in  this  piopeity  of  the 
cyclic  B  -diketones  lies  the  reason  for  their  low  capacity  for  the  Michael  cxndaisation,  since  staUllatlon  of  tie  enol 
cannot  serve  as  a  Mncirance  to  the  accomplishment  of  this  reaction  inwtich  the  keto  form  shcxild  participate.  This 
assumption  is  confirmed  completely  by  the  chemical  popertles  of  readily  enolizh^  ketones  of  diffaent  structures. 


a  -Acetylacetoacetlc  ester  (XXVII),  whicdils  lOCDb  enolized  in  aqueous  solutimi.  in  spite  of  the  high  mobility 
of  hyctoyn,  does  not  undergo  cyanoethylation  at  70*  in  the  presence  of  Vs  equivalent  of  sodium  tert-bityL.  Under  more 
severe  c^oiditions,  the  cleavage  of  a  -acetylacetoacetlc  esta  of  acetoacetic  eser  occas,  and  the  latter  also  undergoes 
cyanoeti^latian  in  the  usual  way  wldi  the  formation  of  the  dinitrile  (XXVni). 


CHjCO. 

^CHCOOR 


CHjCOCHiCOOR  CH,CO-C(CHjCHjCN)8. 

CCXJR 


(XXVII)  (xxvni) 

According  to  d£  data  of  L  N.  Naarov  and  L.  N.  TeEkhova  [81  and  also  of  Henecka  [9],  die  decrease  of  the  cap¬ 
acity  of  malonic  esta,  acetoaicalc  ester  and  acetylacecne  for  the  Mihhael  reaction  proceeds  directly,  Le..  it  is  paralld 
to  the  increase  of  the  capacity  of  these  compounck  fa  enolization  For  the  same  reason,  the  riiphatic  and  aliphatic - 
aromatic  0  -diletones  undeigo  cyanoethylation  more  difficultly  than  do  the  0  -keto  esters  [101 

At  the  presalt  time  it  can  be  considered  as  demonstrated  that  the  CO -group  activates  the  hydrogai  atom  mace 
stron^y  than  does  the  COOR-group  [11,  121  Howeva,  an  accixnulatiom  of  activating  groups  leads  to  an  Increase  of 
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enolization  of  the  ketones  aid.  consequently,  to  a  weakaiing  of  ths  capacity  of  the  latter  for  the  Midiad  reaction,  in 
spite  of  the  increase  of  the  mobility  of  the  hydrogen  atoms. 

The  retaiding  action  of  enolizatioi  was  recorded  also  for  odier  reactions;  2-metiyl-2-(y-ketobutyl) -dihydroresorcinol 
(XXIX)  much  more  readily  undorgoes  hydrolytic  cleavage  and  cyclization  than  does  2-(y  -ketobutyl)-dihydroresordnol 
(XXX)  [2].  since  the  latter  is  a  highly  enolized  compound. 


CH3 

CHiCH^OCHa 


Althou^the  enolization  of  a  ketone  also  hampers  the  course  of  a  reaction  witfi  participation  of  the  keto  form, 
nevertheless,  it  does  not  appear  to  be  an  insupperable  obstacle  for  the  Michael  condensation;  the  highly  enolized  a  - 
alkyltenronic  acid,  die  data  of  Henecka  [9]  notwithstanding,  reacts  with  methyl  vinyl  ketone  [1]  and  acryloninile  at  ele¬ 
vated  tempaatures.  On  cyanoethylation  of  pentynic  acid  (XXXI)  we  obtained  the  ketol  (XXXni),  tie  formation  of 
wbich  can  be  accounted  for  only  by  the  hydrolytic  cleavage  aid  decarboxjiation  of  the  condoisation  product  (XXXII). 
The  possibility  of  cleav^eof  the  same  pentynic  acid,  aid  subsequent  cyanoethylation  of  the  ketol  (XXXIV),  is  atirely 
excluded  since  pentynic  acid  is  stable^tcward  the  action  of  an  aqueous  solution  of  alkali. 


CjHj-CH - CO 


CHv=CHCN 


CO 


CH, 


/ 

(XXXI) 


C^Ij-CH, -CO -CH^H 
(XXXIV) 


r  CHjCHjCN  "j 

C#l5-C - CO  I 


f  CHjCHjCN 


i. 


CO  CH, 

(XXXH) 


HaO 


:  CjHj-C 


CO 


L. 


COOH  CHjOH 


-CO* 


CN 


-CHj -CHj -in  -  CO -CHjOH 


(XXXIII) 


EXPERIMENTAL 

Condensation  of  Dimedon  with  Methyl  Isopropenyl  Ketone 

A  solution  of  0.3  g  of  potassium  hydroxide  in  8  ml  of  wata,  (17  g  of  dimedon  (HI)  (b.p.  141-145’)  and  1  g  of  . 
meth)t  isopropenyl  ketone  (b.p.  98-lOOr,  1.4238)  in  5  ml  of  doxanews  boiled  undertefluxfor  5  hours.  After  ex¬ 
traction  of  tie  reaction  product  with  chloroform  we  cbtained  0.8  g  (71*^)  of  2-0  -methyl -y  -ketobutyl)-diniedMi  (I\5) 
widi  a  m.p.  of  119-120*  (from  aqueous  dioxane).  The  sibstance  was  dissolied  in  an  aqueois  soda  st^titn. 


Found‘d.  Cf69.01.  68.95;  H  8.72.  8.81.  C^jHaO,.  Calculated‘S  C  69.30;  H  8.90. 


Condensation  of  Dimedon  with  Ethylidene  Acetone 

The  reactim  was  carried  out  x  described  abo\e.  From  0.7  g  of  dmedon  and  1  g  of  edi^ithne  acetone  (b.p 
121-123’,  n^  1.4390)  we  obtained  0,3  g  i21°h)  of  2 -(a  -methyl -y  -ketobutyl) -dimedon  (V)  with  a  m.p,  of  73-74* 

(from  aqueous  acetone). 

Found'S  C  69.35,  69.5l;  H  9.02.  9.23.  CijHjoO,.  Calculated'S  C  69.3;  H  8.90, 

4 

Reaction  of  Methyldihydroresorcinol  with  Carbethoxy  Methyl  Vinyl  Ketone 

4  g  of  methyldihydroresorcinol  (b.p.  208-209*  was  added  to  a  soltxioi  of  0.03  g  of  sodium  hydroxide  in 
8  ml  of  water,  and  then  4.5  g  of  carbethoxy  methyl  vlnji  ketone  (XXV)  (b.p.  76-78*  at  18  mm,  n§  1.4585  [2])  in 
8  ml  of  donne  ws  iitroduced.  The  mixture  was  heated  at  85-95*  for  3  hours,  and  on  cooing  was  extracted  with  ether. 
The  precipitate  of  methyldihydroresorcinol  (0.7  g)  which  sq)arated  was  filtered  off,  and  after  evaporation  of  tie  ether 
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solution  the  residue  was  vacuum  distilled.  We  obtained  4.4  g  (737o)  of  l,6-diketo-5-ca'bethoxy-9-methyl-A®^®^- 
octalin  (XXVI)  with  a  b.p.  of  174-177*  at  0.5  mm. 

Found'^o:  C  67.75,  67.70;  H  7.39,  7.26.  CuKjiQ,.  Calculated  «7o;  C  07.20;  H  7.20. 

The  substance  gave  a  dark -violet  coloration  with  ferric  chloride.  On  standhig  the  keto  form  (2.3  g)  with  a 
m.p.  of  65-6ff  (from  a  mhame  of  ether  and  n-hexans)  separated,  but  It  gave  no  cdoration  with  ferric  chloride 

Found'^o:  C  67.05,  67.26;  H  7.11,  7,09.  Ci4Hig04.  Calculated  C  67.2;  H  7.2. 

Upon  hyciogenation  over  a  ft-catalyst  in  methanol,  the  crystalline  and  liquid  forms  of  the  substance  (XXVI) 
were  converted  to  the  previously  described  l,6-diketD-9-methyl-5-carbethox)decalin  [23. 

Cyanoethylation  of  Dimedon 

1)  0.35  g  of  dimedon  was  treated  with  a  sdution  of  0.03  g  of  potassium  hydroxide  in  2  ml  of  water,  and  after 
drivii^g  off  the  water  in  vacuo,  the  residue  was  mixed  wlfli  5  ml  of  tert -butyl  alcdiol.  The  resulting  solution  was 
heated  with  2g  of  acrylonitrile  at  80*  for  6  hoirs.  We  dJtained  0.38  g  (807o)  of  (  0  -cyanoethyl) -dimedon  with  a  tn.p. 
of  151 -15?  (from  water)  [31 

2)  0.35  g  of  dimedcm  and  2  g  of  acrylonitrile  in  3  ml  of  doxane  wse  added  to  a  solution  of  0.03  g  of  potaslum 
hydroxide  in  2  ml  of  water.  The  mixture  was  heated  at  80’  for  6  hours.  We  obtaiiEd  0,35  g  (JoSflo)  of  di-(0  -cyano- 
etityl)-dimedonwlth  a  imp,  of  146-147“  (from  aqueous  methanol)  [31 

Reaction  of  Dimedon  with  2 -Dime  thyla minomethylcyclohexanone  Hydrochloride 

A  mixture  of  0.3  g  of  potassium  hydroxide  in  10  ml  of  water,  97  g  of  dimedon  and  1  g  of  2-dimethylaminomefh)i- 
hexanone hydrochloride  (imp.  149-150*)  [131  was  heated  at  90-95“  for  30  minutes.  The  solution  vns acidified  to  Congo 
with  dilute  (1:1)  hydrochloric  acid,  and  the  reaction  product  which  separated  was  filteied  off.  We  obtained  1  g  (80^o) 
of  thedicyclic  triketone  (IX))  with  a  tmp.  of  182  "-18?  (from  aqueous  dioxane). 

Found <70:  C  7L92.  71.93;  H  8.82,  8.85.  CigHjjOg.  Calculated  <7o:  C  72.0;  H  8.8. 

Reaction  of  Dihydroresorcinol  with  2 -Dime  thyla  minomethylcyclohexanone  Hydrochloride 

A  mixture  of  0,2  g  of  potassium  hydroxide  in  30  ml  of  water,  13  g  of  dihydiDresordnol  (XIH),  aid  18  gof  2-di- 
methyiaminomedijlcycloheianone  hydrochloricb  was  boiled  under  reflux  for  1  hour,  and  after  the  previously  mentioned 
treatment  we  sqiarated  16  g  (55^o)  of  the  triketone  (XVm),  with  a  imp.  of  164-165*  (from  aqueous  dioxane). 

Found <7o;  C  70.48,  70.3a  H  8.26,  8.43.  CaHj^O,.  Cakulated C  70.3;  H  8.2 

Hylrolytic  cleavage  of  the  triketone  (XVIII).  80  g  of  barium  hydroxide  in  250  ml  of  wata  and  16  g  of  the  tri¬ 
ketone  (XVni)  were  boiled  under  reflux  for  30  hours.  On  cooing,  the  mixture  was  acidified  (to  Congp)  vridi  oonoenta- 
ted  hydrochloric  acid.  The  precipitate  which  separated  was  filtered  off  and  washed  with  ether.  We  obtained  6  g  (38^) 
of  the  keto  acid  (XX),  with  a  m.p.  of  103-104’  (from  aqueous  acetone). 

Found‘7o;  C  70.37,  70.30;  H  8.36,  8.38;  Calculated‘S  C  70.3;  H  8.2. 

Found;  titration  equiv.  219.  C^HiyP,.  Calculated:  titration  eqiiv.  222. 

Lactonization  of  the  keto  acid  (XX).  A  mixture  of  6  gof  the  keto  acid  (XX),  30  ml  of  acetic  «hydrlde  and 
001  g  of  anhydrous  sodium  acetate  was  boiled  under  reflux  for  5  hours.  After  removal  of  the  volatile  products  in  vacuo, 
the  residue  was  distilled.  We  obtained  3.4  g  (61^o)  of  the  lactone  (XXI)  with  a  b.p,  (rf  145-147“  at  0.5  mm,  nS  1.566a 

Found*^  C  76.61.  76.80;  H  7.79,  7.64.  CoHjeCV  Calcidated  C  76.4;  H  7.8. 

The  lactone  (XXI)  was  converted  to  the  original  keto  add  (XX)  by  heating  it  with  diluie  alkali. 

Reaction  of  Methyldihydroresorcinol  with  y-(fl  * -piperidinopropionyl) -butyric  Acid 
Hydrochloride 

A  mixture  of  0.3  g  of  potassium  hydroxide  in  10  ml  of  water,  0.6  g  of  metiiyldibydasresocdnol  (XXII),  and  1.3  g 
of  y  -(0-- piperidlnopropionyl)-butyric  acid  hydrochloride  (XXni)  (imp.  lSB-159*)  [14]  was  boiled  under  reflux  for  3 
hours.  The  resulting  solution  was  acidified  (to  Ccrngo)  with  dilute  (1:1)  hjdrochlorlc  acid  and  extracted  with  chloro¬ 
form.  After  removal  of  the  solvent,  the  residiE  gradually  crystallized.  We  dbtalned  0.5  g(3ff7o)  of  the  tclke«>  acid 
(XXIV)  with  a  m.p.  of  143-144*  (from  water). 

Found^«  C  62.9a  62.95;  H  7.7a  7,48.  Cx4Ha,C^.  Calculated  6a7;  H  7.5. 

Found:  tittatlon  equiv.  265.  CnHg^O^  Calculated:  titraticHi  equiv.  268. 
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Condensation  of  Dimedon  with  Acrylic  Ester 

To  a  solution  of  0.05  g  of  sodium  hydroxide  in  5  ml  of  water  we  added  1  g  of  dimedon  and  then  3  g  tf  the  methyl 
ester  of  acrylic  acid  in  6  ml  of  dioxaie.  The  mixture  was  boiled  under  reflux  fa:  7  hoirs;  on  cooling  it  was  concentra¬ 
ted  in  vacuo  to  Vs  of  its  ori^al  volume,  and  the  crystalline  product  which  separated  was  filtaed  off.  We  obtained  1,8 
g  (81*^)  of  22-di-(fl  -carbomethoxyethyl) -dimedon  (VI)  with  a  m.p.  of  80 -8f  (iom  a  mixture  of  ether  and  petroleum 
ether).  The  substaice  did  not  dssolve  in  an  aqueous  solution  of  soda. 

Found ‘7o.-  C  61.9a  62.06;  H  7.89,  8.01.  CiiHssOg.  Calculated  °Ia:  C  616;  H  7.7. 

Sapogficatlon  of  2 2 -di -(3 -carbomethoxyethyl) -dimedon  (VI).  1.3  g  of  the  substance  (VI)  and  30  ml  of  dilute 

(1:1)  hydochlaic  acid  were  boiled  under  reflux  for  6  hours.  On  cooling,  the  solution  was  evaporated  to  drjnes  in  vaoio. 
The  residue  crystallized  almost  completely  on  staiding.  We  obtained  1  g  (67fo)  of  the  tricarbacylic  acid  (VII),  with  a 
m.p,  of  109-110*  (from  a  mixture  of  benzene  and  dioxaie),  which  gave  no  m.p.  degression  with  die  2,2  dimethyl-4- 
keto-5-(2’-carbo3yethyl)-heptane-l,7-dicarboxylic  acid  obtained  from  2,2 -d -(3 -cjanoetliyl) -dimedon  (VIA)  [3]. 

Condensation  of  Dihydtoresorcinol  with  Acrylic  Ester 

To  a  solution  of  1.1  g  of  potassium  hydroxide  in  5  ml  of  water  we  added  2.2  g  of  dihydroresorcinol,  then  intro¬ 
duced  2  g  of  the  methyl  ester  of  acrylic  acid,  and  the  mixture  was  boiled  unda  reflux  for  3  hours.  The  solution  was 
filtered  aid  concentrated  in  vacuo  to  Vj  of  the  original  volume.  Upon  acidification  with  dilute  (1:1)  hjdochloric  acid 
we  separated  1.5  g  (427o)  of  the  triketo  acid  (XVII)  with  a  m.p.  of  188-189*  (from  water). 

Found <5^:  C  58.81.  58.70;  H  6-55,  6.46.  C^uQ*.  Calculated  <7cr.  C  58.7;  H  6.5 

Reaction  of  Dimedon  with  Maleic  Ester 

To  a  solution  of  0.15  g  of  sodium  hydroxide  in  10  ml  of  water  we  added  0.5  g  of  dimedon  and  then  introduced 
0.6  g  of  the  methyl  ester  of  maleic  acid  in  8  ml  of  dioxane.  The  mixture  was  boiled  under  reflux  for  3  hours,  and  on 
cooliqg  was  extracted  with  ether.  The  aqueous  solution  was  acidified  to  Congo  with  dilute  (1:1)  hydochloric  acid, 
and  evaporated  in  vacuo.  In  this  way.  we  separated  0.5  g  (55*70)  of  the  diketo  diacid  (XI)  with  a  m.  p.  of  219  -22(T 
(from  water). 

Found'7o;  C  56,01,  56.30;  H  6.21.  6.05.  CuHj^,.  Calculated‘7’,  C  562;  H  6.a 

Reaction  of  Dihydroresorcinol  with  Maleic  Ester 

The  reaction  was  carried  out  as  indicated  aboiie.  From  1.1  g  of  dhydrcuresorcinol  and  4g  of  maleic  ester  we  ob¬ 
tained  0.43  g  (20?b)  of  diketo  diacid  (XIV)  with  a  m.p.  of  192-193*  (decomposed)  (from  water). 

Found'7o;  C  52.51.  52.50;  H  5.37,  5.34.  CijHnO,.  Calculated  <7o:  C  52,6;  H  5.3. 

Condensation  of  Dihydroresorcinol  with  Maleic  Acid 

A  mixture  of  1.7  g  of  potassium  lydroxide  in  10  ml  of  wata,  1.1  g  of  dhydroresorcinol,  and  1,1  g  cf  maleic 
acid  was  boiled  under  reflux  for  7  hours.  After  acidification  to  Congo  with  dilute  (1:1)  hydochloric  acid,  the  solution 
w»  evaporated  in  vacua  Thus,  we  precipitated  0,5  g  (23^)  of  the  previously  mentioned  dketo  dlacld  (XTV)  with  a 
m.p.  of  192-193*. 

Condensation  of  Dimedon  with  Maleic  Acid 

The  reaction  was  carried  out  as  indicated  above.  From  0.35  g  of  dimedon  and  0.3  g  of  maleic  acid,  we  ob¬ 
tained  0.5  of  the  previously  mentioned  diketo  diacld  (XI),  widi  a  tap.  of  219-220*. 

Attempts  to  C yanoethylate  g -Acetylacetoacetic  Ester 

1)  To  a  solution  of  the  Na -derivative  of  a-acetylacetoacetic  ester,  prepared  from  0.05  g  of  sodium  and  3  g 

of  the  ester  in  10  ml  of  tert-bityl  alcohol,  we  added  2  g  of  aaylonitrile;  tiie  mixture  was  heated  at  60-7(T  for  10  hours. 
After  removal  of  the  solvent  in  vacuo,  the  residue  was  lEutralized  with  dilute  (1:1)  hydochloric  acid  and  extracted 
with  ether.  The  main  quantity  of  the  product  (2.3  g)  consisted  of  unreacted  a -aoetylacetoacetic  ester  with  a  b.p.  of 
91-92  at  10  mm;  n*  1.4748;  tiie  melting  point  of  its  cuixic  salt  was  ISO -151*  [15]. 

2)  To  a  solution  of  theK-dsrivative  of  a  -aoetylacetoacetic  ester,  prepared  from  0.3  g  of  potassium  and  3  g  of 
the  ester  in  10  ml  of  tert -butyl  alcohol,  we  added  2  g  of  aCTylonitrile;  the  mixture  was  heated  at  75-80*  for  5  hours. 

After  die  treatment  indicated  above,  we  obtained  1  g  of  the  original  a  -aoetylacetoacetic  ester  and  03  g  of  a. a  -dl-<0  - 
cyanoedtyl)-acetoacetic  ester  (XXVHI)  with  a  b.p.  of  190-200  at  2  mm  and  a  m.p.  of  81-82*  [ID].  The  substance  gave 
no  mp.  depresion  with  a  sanple  obtained  by  die  cyanoethylation  of  acetoacetic  ester. 
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Cyanoethylation  of  Pentynic  Acid  (XXXI) 

Tte  Na-salt  of  pentynic  acid,  prepared  from  18  g  of  paxynic  acid  (m.p.  125-12ff )  [16]  and  2  g  of  aciylonittile 
in  15  ml  of  aqueous  dioocane  (2:1)  vos  boiled  under  reflux  for  4  hours.  On  cooling,  die  solution  was  extracted  with 
chloroform,  and  after  removal  of  the  solvent  the  residue  was  vacuum  distilled.  We  obtained  0.8  g  (36^)  itf  the  ketol 
(XXXm)  with  ab.p.  of  130-140*  at  0.5  mm  and  a  m.p.  of  104-10?  (fiombensene).  The  substance  htstanly  rediced 
copper  acetate  in  the  cold. 

Found<7(r.  C  61.74,  61.71;  H  8.33,  8.59;  N  9.30,  9.40.  Calculated  %  C  61.9;  H  8.4  N  9.0. 

SUMMARY 

1.  It  was  shown  that  dlhydrarescnclnol  and  dimedon  enter  into  the  Michael  condensation  wldi'a  '  anl3  -substim- 
ted  utsaturated  ketones,  acrylic  ester,  maldc  ester  and  maleic  acid. 

2.  According  to  the  extent  of  the  decrease  of  die  double  bond  activation  of  die  a.B  -unsatuiated  compounds  in 
reactions  with  cydic  3  -diketones,  die  polst  groups  maybe  arranged  In  die  followli^  secies:  CO,  CN,  COOR,  COOH, 

3.  It  was  found  that  the  3  -aminoketone  h'yirochbrlcbs  may  be  used  successfully  as  a  source  for  die  production 
of  a, 3  -insatnrated  ketones  in  reactions  widi  dihydroresorcinol  and  its  derivatives. 

4.  The  cyanoeth)iation  of  penynlc  acid  was  carried  out,  aid  it  showed  the  inaccuracy  of  Henecka's  assertion 
that  a  -alkyltetronic  acid  does  not  eiter  into  the  Midiad  reaction 

5.  It  was  found  that  dihydroresorcinol  derivatives  enter  into  the  Michael  reaction  moe  difficultly  than  do  cyclo- 
hexanme  malonic  ester  and  acetoacstic  ester,  and  it  was  asumed  dirt  the  cause  of  dis  phenomenon  lay  in  die  enoUza- 
tioi  of  the  cyclic  3  -dketones. 
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INVESTIGATIONS  IN  THE  FIELD  OF  CONJUGATED  SYSTEMS 
LVII.  CONDENSATION  OF  PROPARGYL  ALDEHYDE  WITH  PIPERYLENE  ANDISOPRENE 

A.  A.  Petrov  and  N.  P.  Sopov 

« 

In  the  chemical  literature  in  the  last  5-10  yess  much  attention  Ins  been  devoted  to  the  mechanism  of  the  dime 
synthesis,  one  of  flie  methods  for  the  elicidation  of  which  is  die  stuc^of  the  order  of  die  homocydization  of  the  asym¬ 
metrical  dimes  A  nimber  of  artides  by  the  authors  of  die  present  report  and  also  by  other  investigators  have  been  de  - 
voted  to  the  latter  problem.  Howeva,  dl  this  vast  material  pertaim  chiefly  to  reactLons  the  dienes  with  the  ethylene 
dimophlles.  There  is  a  very  small  number  of  works  [1-3]  on  the  order  of  die  reacticm  of  the  dienes  with  acetylene 
diaioihiles;  thaefore,  continuing  our  irrvestlgnions  in  die  field  of  the  order  of  the  homocycUzation  of  the  dienes,  yre 
stulied  die  reaction  of  propargyl  aldehyde  will  two  of  the  simplest  asymmetrical  dienes  —  piper^iene  and  Isoprene. 

The  reactions  of  these  hydrocarbons  vdth  die  ethylene  analog  of  propargyl  alcHiyde  —  acrolein—  have  been  smdled 
rather  in  detail. 

The  conchnsation  of  piporylene  with  acrolein  was  first  studied  by  B.  A.  Arbuzov  md  coworkers  [4i  however,  die 
structure  of  the  reaction  product  was  not  establidnd  by  these  authors.  Later,  one  of  us,  by  the  oxidation  of  aaolein 
obtained  2-methyl -A*-tettdiy4obenajic  acid,  which  farmed  o-toluic  acid  on  dehydrogenation  [51.  Thus,  it  was  fotnd 
that  conchnsation  proceeds  here  in  accordance  with  the  electronic  polarization  of  the  componmts.  Such  a  stmcture  of 
the  condensation  product  of  p^rylene  and  acrolein  was  hither  confirmed  by  B.  A.  Arhzovand  E.  G.  Kataev  [6]  and 
other  imiestigaton  [7]. 

There  are  also  data  rdadve  to  the  structure  of  the  condatsation  product  of  acaolein  md  isoprene.  By  reaction  of 
isoprme  with  a  Grignard  reagent,  a  -terpineol  [8]  was  obtained,  and  by  distillation  over  phosphoric  mhydride  p- xylene 
was  obtained  [9]. 

Both  of  these  syntheses  show  that  the  substance  cditalnedhas  sibstltuents  chiefly  in  the  para-positim.  and  conse¬ 
quently,  that  the  reaction  proceeds  here  also  in  accordance  with  the  electronic  polarization  of  the  reagmts.  However, 
data  relative  to  the  structures  of  the  substances  obtained  fcomisoiiene  were  characterized  by  lower  accuracy  and  enabied 
us  to  indicate  only  the  prevailing  direction  of  the  homocycliation  reaction. 

We  determined  the  structure  of  the  condsnsation  products  of  piperylene  and  isoprene  with  propargyl  aldehyde  by 
tvw)  methods.  First,  these  aibstances  were  dehydrogenated  to  the  corresponding  aromatic  aldehytis  byheating  over  sii- 
fur.  Second,  by  ds  action  of  the  Grignard  reagent,  we  obtained  the  corresponding  cycbhexadene  alcohols,  the  dehydra - 
tim  of  vfhich'' yielded  aromatic  hydrocaibons  with  radcals  in  the  same  positions  as  In  the  original  aldehydss. 

The  structure  of  the  hydiocarbons  was  established  by  oxidation  with  citric  acid  to  die  corresponding  phdialic  acicb. 

In  diis  way.  horn  piperylene  we  obtdned  o-tolualdei^de,  which  was  Idmtiftedby  is  constants  and  by  the  melt¬ 
ing  point  of  its  2.4-dinitrophenyIhydrazone;  and  also  by  the  formation  of  o-tduic  acfd  by  its  oxidation 

On  the  other  hand,  horn  the  same  condensation  product  we  obtained  an  alcohol,  which  on  dehydation  yidded 
o-methylethyIbenzei£.  o-Phthalic  acid  was  obtained  by  oxidation  of  o-methylethylbenzme. 

Under  simihr  conditions,  the  condensation  product  of  propvgyl  aldehyde  with  isoprene  yielded  p-tolualdehyde, 
p-toluic  acid,  p-methylethylbenzene.  and  terephthalic  acid,  the  methyl  ester  of  wlich  melted  at  140*. 

However,  it  is  necessary  to  point  out  that  in  this  case  the  p-nitrophenyl-  and  2,4  d  initrophenylhydrazane  of  the 
aromatic  aldehyde  melted  somewhat  lower  than  was  indicated  in  the  literature  for  p-tolualdehyds.  Possibly  this  indica¬ 
tes  the  presence  of  a  small  adinixture  of  the  meta-isomer. 

This,  die  present  investigition  showed  that  piperylene  and  isoprene  react  with  propargyl  aldehyde,  j  ist  as  they  do 
with  acrolein,  in  accordance  with  the  electrode  polarization  of  their  molecules,  which  indcates  the  polar  mechanism 
of  diis  reaction. 

In  thestixly  of  the  reaction  of  piperylene  with  propargyl  aldehyde  we  encountered  die  same  circumltancewhidi 
we  observed  in  die  condaisation  of  butynone  with  piperylene  [IJ:  in  some  cases  we  obtained  a  product  which  diffsed 


sharply  in  its  properties  from  the  usual  product  of  this  reaction.  The  anomalous  product  had  a  much  higher  index  of 
refracticm.  a  much  exag^rated  molecular  refraction,  it  was  observed  to  be  entirely  combined  on  heating  with  maleic 
anhydide;  and  on  heating  with  sulfur  it  gave,  not  the  aromatic  aldehyde;  but  a  resin.  All  these  data  enabled  us  to 
assume  the  presence  of  a  conjugated  system  of  double  bonds  in  he  anomalous  product  Obviously,  during  the  reaction 
a  traisference  of  one  of  the  double  bond  occurs.  The  isomerization  of  the  l,4-cyclohaca<iene  aldehydes  to  he  1,3- 
cyclohetadiene  aldehydes  was  described  in  the  literature  [2].  Isomerization  occurs  in  the  presence  of  acids  It  is  poss¬ 
ible  that  in  those  cases  when  we  obtained  an  anomalous  product,  traces  of  adds  infiltrated  the  reaction  zone  since 
this  happened  just  in  those  experiments  in  which  we  used  piperylene  which  was  obtained  by  the  dehydration  of  methyl- 
propenylcarbinol  with  small  amounts  of  hydrobromic  acid. 

The  isomerization  could  proceed  here  in  two  directions.  Howeva,  we  woiid  more  likely  expect  the  formation 
(f  produa  I.  since  the  mobility  of  the  secondary  atom  is  undoubtedly  greater  than  that  of  die  primary  atom. 


Methyldihydrobenzaldel^de  is  a  liquid  widia  bitter -almond  odor.  The  ortho -isomer  has  a  more  disagreeable 
odor,  which  is  suggestive  of  that  of  hydrocyanic  acid.  In  Table  1  are  dted  the  constants  of  all  the  dibydrobemaldehyths 
described  in  the  jxesent  work  and  in  previous  reports  [10]. 

It  is  obvious  from  the  data  of  Table  1  that  the  position  of  the  methyl  group  in  the  ring  strongly  affects  the  boil¬ 
ing  point,  the  specific  gravity  and  the  index  of  refraction  of  the  aldehydes  For  a  given  value  of  the  molecular  refac¬ 
tion.  the  ortho -derivative  has  a  much  lower  index  of  refraction. 

The  constants  of  the  three  1,4-cydohexadiene  alcohds  are  cited  in  Table  2.  from  the  data  of  Table  2  it  is  evi¬ 
dent  that,  as  in  the  case  of  the  aldehydes,  the  position  of  de  mediyl  group  strongly  affects  the  boillig  point  here,  where¬ 
as  diis  factor  has  almost  no  effect  on  the  other  constants. 

EXPERIMENTAL 

1.  Condensation  of  Piperylene  with  Propargyl  Aldehyde 

By  heating  6.2  g  of  die  aldehyde  and  15  g  of  piperylene  (techiical,  piperylene  cooent  91*7o)  in  30  ml  of  toluene 
for  5  hours  at  110*,  we  obtained  10  g  of  2-methyl-A*’'-dihydrobenzaildehyds.  The  yield,  based  on  propargyl  aldel^de, 
was  71^. 

45,07  mg  sih.:  130.20  mg  CO,;  31.94  mg  H,0.  Found  <55)!  C  78.84;  H  7.93  C,H„0.  Calculated  C  78.65; 

H  8.25. 

The  semicarbazone  was  obtained  in  m  aqueous  medium  by  the  usual  mediod  It  oonsisted  of  colorless  flakes  (from 
akoholX 

5.78  mg  suh:  1.200  ml  N,  (3(T,  760  mm).  Found  N  2344.  C^HuON).  Calculated  N  23.45. 

The  p-nkrophenylhydrazone  consisted  of  fine  yellow  needles  (from  alcdnl). 

7.24  mg  suh;  1.02  ml  N,  (26*.  760  mm).  Found  N  16.07,  Cj^HnOiN,.  Calculated  N  16.38. 

The  2.4-dinitrophenylhydrazane  oonsisted  of  orange  flakes  (from  a  mixture  of  alcohol  and  benzene). 

6.93  mg  suh;  1.10  ml  N,  (26*,  760  mm).  Found  N  18.06.  Calculated*^.  N  1353. 

3  g  of  2-methyldihydrobenatidehyde  was  heated  for  40  minutes  with  a  small  amount  of  sulfur.  The  liberation 
of  hy(h)^n  sulfide  was  observed.  The  resulting  o-tolualdehyde  w»  vacuum  distilled.  Yield  was  1.5  g  (5ff7o). 


TABLE  1 


Substance 

B.p. 

df 

"B 

MR^ 

M  p. 

(20  mm) 

found 

calc'd: 

of  semi- 

carbazones 

of  p-nitro- 
phenylhyd- 
azones 

of  2,4-dinitro- 
phenylhydr- 
azones 

O'"” 

00 

1.0230 

1.5182 

32.04 

3U0 

204-20? 

197-198* 

22? 

CM3 

r  1 

,  82-825 

0.9819 

1.5048 

36.89 

36.02 

197 

183-185 

169-170 

CH3 

u 

81-83 

0.9850 

1.5250 

38.00 

36.02 

194 

165 

.XT 

95.5-96 

0.9943 

1.5124 

36.88 

36.02 

202-203 

192-193 

214-215  - 

112-113 

1.5176: 

230 

218-219 

233-234 

TABLE  2 


Substance 

Boiling  point 
(20  mm) 

df 

“d 

1  MR 

found 

calculated 

u 

103.5“ 

0.9943 

1 

1 

1.5068 

37.15 

1 

37.53 

CH3  i 

i 

1 

1 

1 

/wCH(OH)-CH, 

IT 

104.5 

0.9695 

1.5002 

41.94 

42.15 

! 

• 

j 

1 

1 

1 

1 

CHjAJ’ 

115.5-116.5 

0.9688  j 

11.5008 

42.01 

4215 

B.p.  196-198“.  1.0328.  ng  15462. 

The  2.4-diiiitrophenylhydrazone  had  a  m.p.  of  193-194*. 

Literature  data  [11>.  b.p.  197*.  4?  1.0386,  1.519(1  the  2.4-dinltrophenylhydrazona  m.p.  193-194*. 

On  oxidation  of  the  aldehyde  by  heating  in  a  sealed  tube  with  2S^o  nitric  add  on  a  water  bath,  we  obtained  o- 
toluic  acid  with  a  tn.p.  of  104*  (from  water).  The  same  melting  point  was  indcated  in  the  literature 

2-Mediyldihydrobenaildeh)de  (4  g)  was  cautioisly  added  to  a  solution  of  die  Grignard  reagent  obtained  from  1.2 
g  of  magiesium.  After  heating  tm  de  water  bath  for  1  hour,  tie  mixture  was  pined  over  ice  mixed  with  a  satirated  solu¬ 
tion  d  NII4CI.  After  drying  over  NasSQ|.  the  edier  was  driven  off  at  ordinary  pressure  on  die  water  faadi.  and  die  reac  - 
tlm  poduca  were  vacuum  distilled;  thus,  we  obtdned  3.9  g  (87*^)  of  die  cmrespondlng  alcohol.  The  constants  are 
given  in  Table  2. 
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1L13  mg  sib.;  3178  rag  CO*;  10.40  mg  H,0.  11.00  mg  sub.:  31.60  mg  CO*;  10.42  mg  HjO.  Found 

C  78.07.  78.40;  H  10.40,  10.60.  Calculated  C  78.23'  H  10.21. 

3  g  of  the  alcohol  was  distilled  with  a  10^  solution  of  ooalic  acid.  The  resulting  hydocarbon  w«  dried  over 
C^lj  and  distilled  over  sodium.  2  g  (78^)  of  the  substance  was  obtained. 

B.p.  162-168».  <jf  0.8792,  ng  1.5000. 

After  treatment  with  a  solutirai  of  bumine  in  acetic  acid  until decolorization  ceased,  the  steam-dsdlledo- methyl 
etitylben2Ene  had  a  b.p.  of  163-165’,  0.8805,  15026.  Judging  from  the  quatti^  of  bromine  consumed,  the  content 

of  the  unsaturated  hydrocarbon  did  not  exceed  13lo. 

Literafure  data  for  o-mediylethylbenzene  [12];  hp.  165.15*,  d?  0.8807,  ig  15046. 

The  aromatic  l^drotarbon  was  oxidized  by  heating  it  with  25*5^  nitric  add  in  a  sealed  nbe  at  150-160’.  The  re¬ 
sulting  o-phthalic  acid,  after  ecrystallization  from  wata.  melted  with  dehydration  at  about  184*.  The  substace  dis¬ 
solved  completely  and  well  in  hot  water,  which  indicated  the  absence  of  an/  considerable  adraixmre  of  de  difficultly  - 
soluble  isophthallc  acid. 

A  sample  of  the  acid  obtained  was  heated  wldi  a  small  quamtity  of  resorcinol  and  a  drop  of  H2SO4.  Fluorescein 
was  obtained 

In  another  otpaiment.  from  12  g  of  pipaylene  obtained  by  the  dehyctation  of  methylpropenyfcarblnol  with  hyto- 
bromic  acid,  and  6.5  g  of  propaigyl  ddehyde,  we  (Obtained  8  g  (92^)of  methyldihydrobenzalddiyde  and  5.5  g  of  hi^- 
boiliig  products  and  resins. 

The  conaants  of  diis  sample  are  given  in  Table  1. 

30.40  mg  sib:  87.50  mg  COj;  2L70  mg  H^O.  Found  %  C  78.55;  H  7.99.  C,H„0.  Calculated‘S  C  78.65; 

H  8.25. 

2  g  of  the  substance  was  heated  with  2  gof  nuieic  anhydride  on  the  water  bath  for  3 hours.  We  did  not  succeed 
in  steam -distilling  the  original  aldehyde  from  the  reaction  mixture.  The  condensation  product  was  not  carefully  stud¬ 
ied 

3  g  of  the  aldehyds  was  heated  with  sulfur  for  30  minutes.  We  obtained  a  brown  resin,  from  which  we  were 
unable  to  sqjarate  tolualdehyde  either  by  vacium-  or  by  steam -dstillaticm. 

2.  Condensation  of  Isoprene  with  Propargyl  Aldehyde 

From  7.5  g  of  the  aldeh)de  and  11.5  g  of  isoprene  we  obtained  12.8  g  (76.05b)  of  4  -  methyl -A^’^-dh  ydrobensalds- 
hyde  and  1  g  of  resin. 

38.70  mg  sib.:  111.45  mg  COj;  27.50  mg  H^O.  Found‘d:  C  78.59;  H  7.9&  C,Hi,0.  Calculated'S  C  78.65; 

H  8.25. 

The  semicarbazone  consisted  of  colorless,  fine  crystals  (from  alcohol). 

3.49  mg  sub:  0.720  ml  (24,  760  mm).  Found ‘S  N  23.71.  CsHjjQNi.*  Calculated  S.  N  23.'45. 

The  p-nltrophen^Ihydrazoiie  consisted  of  orange  plates  with  ouncated  edges  (from  alcohol). 

4.97mgsuh;  0.730  ml  Nj  (2r,  759  mmX  Found'S  N  16.69.  C^HbOjN^  Calculated'S.  N  16.38. 

The  2,4-dinitropheiiyihydrazone  oondsted  of  dark -orange  needles  (from  benzene). 

4.61  mg  suh:  0.749  ml  Nj  (27.5*,  762.5  mm).  Hound'S  N  18.51.  C14H14O4N4.  Calculated  S.  N  18.53. 

3  g  of  4-methyldihydrobenaldeh)ide  was  heated  widi  a  small  amount  of  sulfur  for  45  minutes  The  liberation 
of  hydrogen  sulfide  was  observed.  The  p -tolualdehyde  was  vacuum  distilled,  and  den  distilled  again  at  ordinary  pres¬ 
sure.  The  yield  was  1.5  g  (505b). 

B.p.  204-205,  <{•  10190,  L54SB. 

The  p-nitrophenylhydazone  consisted  of  orange  neede -shaped nodules  (from  aicohoQ.  The  m.p.  was  194-195*. 

The  2,4-dinitiophenylHydrazone  oonsisted  of  orange-red  needles  (from  benzem).  The  m.p.  was  228-23(r. 

After  several  days  in  cooact  with  the  air,  the  aldehyde  was  converted  to  p-tduicacid  widi  a  m.p.  of  178-180. 
The  same  add  was  obtained  by  oxidation  of  the  aldel^de  with  295b  nitric  acid. 
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The  following  constants  are  cited  in  the  literature  for  p-tolualdehyds  and  its  derivatives  [Ht  b»p. 

1.0187,  L5470.  The  p-nitrophenylhydrazone  has  a  m.p.  of  200.^,  and  the  2.4-dinitropheii^lhydrazanehas  a 

riLp.  of  232.5-2345*.  p-Toluic  a:id  lias  a  m.p.  of  179*,  181*. 

The  constants  of  m-tolualdehyde  and  its  derivatives  differ  sharply  fiom  the  above  [11]. 

From  4.5  g  of  4-methyldlhydrobenzaldel^de  and  a  Grignaid  reagent  (in  2D^o'  excess),  we  obtained  an  alcohol  widi 
the  cmstants  given  in  Table  2.  The  yield  was  4.8  g  (94*^fc). 

11.08  mg  sib.:  3182  mg  COj;  10.63  mg  HjO.  Found  «Ik  C  78.37;  H  10.63.  Calculated‘S  C  78.23; 

H  10.21 

Ondehydation  by  distillation  with  a  10^  solution  of  oxalic  acid,  the  alcdol  yielded  a  hydrocarbon: 

B.p.  160-164",  0.8621  n^  1.4935. 

By  means  of  a  solution  of  bromine  in  acetic  acid  it  was  found  that  the  substance  contained  about  13.5‘7o  ci  an 
unsaturated  hydrocarbon.  The  aromatic  hydrocarbon—  p-mediylethylbenzene— freed  horn  the  latter,  had: 

B.p.  160-162*.  nB  1.4950. 

Oi  oxidation  with  25^  nitric  acid  in  sealed  tubes.  p-medi)ieihylbenzeiB  gave  terephthalic  acid,  the  dimethyl 
ester  of  which  (and  also  a  test  sample  of  a  mixture  with  the  known  preparation)  melted  at  140*. 

In  the  literature  almost  identical  constants  [12]  are  dted  for  p-methylethylbenzene:  b.p.  ISSf,  14950. 

SUMMARY 

1.  The  homocyclization  reaction  of  piperylerc  and  isoprene  with  propargyl  aldehyde  was  smdied.  whereby  it 
was  shown  that  the  order  of  oondensation  corresponds  to  fie  electronic  polarization  of  the  components. 

2.  For  the  first  time,  the  three  isomers  of  methyldfliydrobenaldehyle  were  synfiesized  and  some  of  its  tcans- 
formahons  were  studied:  dehyirogenation  ova  siifur,  comersion  to  secondly  alcohols  by  the  action  of  the  Grignard 
recent,  and  reactions  widi  hydazine  derivatiies. 

3.  In  two  instaaces  we  studied  die  dehydration  of  the  secondary  1,4-cydohexaciene  alcohols  which  occurs  with 
the  formation  chiefly  of  aromatic  hydrocuubons. 
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INVESTIGATIONS  IN  THE  FIELD  OF  QUINONES 
IV.  [11  SYNTHESIS  OF  SUBSTITUTED  NAPHTHOFURANS 

A.  N.  Grinev,  V.  N.  Frosin  and  A.  P.  Terentyev 

In  1892  Ikuta  [2/  showed  that  p-benzgqainone;  reacting  with  acetoacetic  este,  ^ves  a  mixture  of  two  substances 
—  the  diethyl  ester  of  2,6 -dimethyl -bena)-(1.2-b;4,5-b’)-difuran-3.7-dicarboxylic  acid  and  the  ethyl  ester  of  5-hydroxy- 
2-methyl-benzDfuran-3-carbo3Qrlic  acid.  Later  it  was  found  that  toliquinone  also  condenses  with  acetoacetic  ester  [31 

In  our  work  it  was  found  that,  on  reacting  a  -naphthoquinme  (I)  and  acetoacetic  esier  (II)  in  the  presence  of  zinc 
chloride,  we  obtained  only  one  compound  —  die  ethyl  ester  of  5-hydroxy-2-methylnaphthofuran-3-carboxylic  acid 
(III).  The  yield  was  79^o. 


I 


.'k 
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Upon  reaction  of  a-naj^dioquinone  (I)  and  benzoylacedc  ester,  we  obtaned  the  ethyl  ester  of  5 -hydroxy- 2 -phenyl - 
naphthofuran-3-ca‘boxyllc  acid  (IV).  The  yield  was73^fc. 

Under  the  same  conditions,  we  carried  out  the  condensation  of  a -naphthoquinone  with  both  acetoacetic  and 
benzcylacetic  ester.  The  a -n^hthoqilnone  and  zinc  chloride  (as  a  50<7o  solution  in  anl^ous  alcohol)  were  taken  in 
equimolecular  quantities,  but  the  acetoacetic  and  benzoylacetic  esters  were  taken  in  access. 

We  canied  out  the  reaction  by  heatiqg  on  die  waier  bath,  duriqg  which  a-napbdioquiione  was  added  gradually 
to  the  other  reactants.  The  selected  conditions  of  carrying  out  the  reaction  were  most  favaable.  since  they  almost 
completely  eliminated  resin  formation. 

Upon  saponification  of  the  esters  III,(IV)  with  alcoholic  alkali,  we  obtained  the  previously  unkiown  hydroxy  acids 
(V,  VI).  The  methylation  of  the  hydroxy  acids  widi  dlmeth^  sulfate  led  to  the  formation  of  die  raethoxy  acids  (VU. 
Vni).  [See  top  of  followli^  pagel 

EXPERIMENTAL 

The  ethyl  ester  of  5-hydroxy-2-methyl-naphdiofutan-3-caboxylic  acid  (III).  Iito  a  three-necked  flask  equipped 
with  a  stirrer  and  a  reflux  condenser,  we  poured  a  solution  of  4.5  g  (0.033  mole)  of  anhydaius  zinc  chlocide  in  5.7  ml 
of  anhydrous  ethyl  alcohol  and  15  ml  (0.11  mole)  of  acetoacetic  ester.  To  the  mixture  of  the  substances,  by  heating  on 
the  water  bath  and  stirring,  every  5  minutes  we  acUed  by  portions  5.2  g  (0.033  mole)  of  a -naphthoqiinone.  The  con¬ 
texts  d  the  flask  were  heated  for  25  minutes  widi  stlrriqg. 
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SUMMARY 


By  condensations  of  a -naphthoquinoos  with  atxtoacetic  and  benzoylacetic  estets  we  obtained  the  ethyl  esteis 
of  5-l:ydroxy-2-methyl-naphthofiran-3-carboxylic  aid  5-hydroxy-2-phBn)i-nai^iiiofuran-3-carb(ncylic  acids.  The 
hydroxy  acids  were  obtained  bysrponification  of  the  esters  The  medioxy  acids  were  (Stained  by  meftylaticn  of  the 
hydroxy  acids. 
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SYNTHESIS  AND  TRANSFORMATION  OF  METH YLDIC YCLOHEXYLC ARBINOL 


N.  V.  Khromov -Borisov.  A.  M.  Yanovitskaya  and  A.  M.  Khaletsky 


In  a  previous  report  we  showed  that  methylcydohexjical'binol  is  dehydmted  under  die  infliEnce  of  concentrated 
sulfuric  aci<i  with  the  formation  of  1 -phenyl -2 -cyclohexyl -propene-1.  It  w»  of  interest  to  investigate  the  cfehydra- 
tion  of  methyldicyclohexylcarbinol  (I). 


In  the  present  case  the  liberation  of  water  can  be  accomplished  in  two  directions  —  toward  the  siefe  of  the  forma¬ 
tion  of  asymmetrical  dicyclohexylethylene  (II)  and  toward  the  fonnationof  the  isomeric  compound  with  the  heptacyclic 
double  bond  — methylcyclohexylcyclohexylidenemetiane  (III). 
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Whereas  the  mobility  of  the  hydrogen  atoms  of  the  methyl  group,  in  cortrast  to  that  of  the  hydogen  atoms  of 
the  methylene  and  methenyl  groups,  has  been  studied  by  many  authors  [2]  by  the  dehydation  of  open-diain  primary, 
secondary  and  tertiary  alcohols,  and  has  been  quite  dearly  characterized  by  Butlerov  [3],  tie  problem  oonoaning  the 
dehydation  of  tertiary  alcohols,  which  contain  cyclic  radicals,  has  been  inadeqmtely  studed.  This  problem  is  of  im¬ 
portant  practical  value  for  the  synthesis  of  the  cyclic  unsaturated  compound  and  their  halogen  derivatives,  recently 
employed  in  the  production  of  estrogens. 

It  should  be  mentioned  that  the  behavior  of  the  cyclohexyl  radicals  in  the  dehydration  reactions  of  tertiary  alco¬ 
hols  also  formerly  attracted  the  attention  of  a  number  of  investigators.  Auwers  and  Ellinga  [4],  on  dehydration  of  di- 
methylcyclohexylcarbinol.  obtained  a  mixture  of  hydrocarbons  of  the  composition  C9H15,  the  structure  of  which  re¬ 
mained  indemonstrated.  c  Perkin  and  Macubara  [5]  and  other  authors,  by  dehydration  of  the  same  carbinol  with  potassium 
bisulfate,  likewise  contributed  no  clarity  to  this  reaction.  Interesting  data  ware  obtained  by  English  Russel  and  Brutcher 
[6]  by  the  dehydration  of  methylcyclohexylphenylcarbinol  (close  in  structure  to  our  tertiary  alcohol).  Upon  dehydra- 
tioi  of  metltylcyclohexylphenylcarbinol.  they  obtained  1 -cyclohexyl -1-phenylethylene  and  metiiyl-cyddiexyiidene- 
phenyimethane.  The  structure  of  the  hydrocarbons  whidi  they  obtained  was  demonstrated  by  oxidation;  in  one  case 
phenyi  cyclohexyl  ketone  was  observed,  in  the  second  instance  acetophenone  was  observed. 

Methyldicyclohexylcarbinol.  obtained  for  the  first  time  by  Venus -Danilova  from  methylmagnesium  iodide  and 
dicyclohexyl  ketone,  on  dehydration  with  a  l(y7o  solution  of  oalic  acid,  ga^e  asymmetrical  dicyclohexydethylene  (hp. 
140*  at  18  mm)  [7J.  The  structure  of  the  hydrocabon  was  not  demonstrated  by  oxidation.  It  was  demonstrated  indirect¬ 
ly  by  study  of  the  isomerization  prodicts  of  the  oxide  of  the  dicyclohexylethylene. 

We  carried  out  the  synthesis  of  methyidicyclohexydcarbinol  from  methyl  cyclohexyl  ketone  and  cyclohaylmag- 
nesium  bromide  in  ether  by  heatipg  on  a  water  bath.  Two  fractions  were  separated  as  a  result  of  vacuum  distillation  of 
theprodiEt  at  5  mm.  in  the  presence  of  concentrated  sulfuric  acid:  134-135*and  166-167*.  The  substance  boiling  at 
134-135*  (5  mm)  corresponded  exactly  to  the  hydocarbon  described  by  Venus- Dailcva.  By  oxidation  with  potassium 
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permanganate,  we  separated  the  dicyclohexyl  ketone  whldi  was  cluracterized  by  a  semicaibazone  with  a  m.  p.  of  197  - 
198*  (decomposed).  The  second  substance,  on  oxidation  by  potassium  permai^anate;  yielded  methyl  c^'clohexyl  ketone, 
which  was  characterisd  by  a  semicarbazone  with  a  m.p.  of  170 -17 IT,  Moreovei;  from  the  oxidation  products  cjclohocen 
one  was  obtained  as  the  semicatbazone. 

The  oxidation  products  of  the  isomeric  hydrocarbons  substaatiated  their  stncture:  the  1st  fraction  corresponded 
to  as)immetricd  dicyclohexylethylene  (II),  and  tie  2nd  corresponckd  to  me  th)i -cyclohexyl -cyclohexylidene -methane 

(ni). 

An  evolution  of  hylrogen  bromide  was  observed  on  bromination  (in  chloroform)  of  the  unsaturated  hydrocarbons. 
The  resulting  brominated  deiivati\es contaiiBd  (according  to  analysis)  one  atom  cf  bromine  per  molecule.  Apparently, 
here  the  addtion  of  two  atons  of  bromine  at  tie  ethylene  bond  occurred,  but  was  fdlowed  by  the  liberation  <f  hydro¬ 
gen  bromide 


EXPERIMENTAL 


Metb  yldicyclohexylcarbinol 

25.2  g  of  methyl  cyclohexyl  ketone  with  a  b.p.  of  68*  (12  mm),  in  a  twofold  volume  of  anhydrous  ether,  was 
added  to  cycldiexjlmagnesium  bromide,  prepared  from  32. 6  g  of  magiesium  inanhydous  ether  (the  Grignard  reagent 
was  tdcen  in  2070  excess).  The  reaction  was  carried  out  by  heating  or  a  water  bath.  After  addition  of  the  totahquan- 
tity  of  tiB  ketone,  the  reaction  mixtire  was  heated  4  hours  more,  with  stirring 

On  the  next  day,  the  reaction  mixture  was  decomposed  with  wate.  then  with  sulfuric  acid,  and  was  extracted 
with  etha.  The  ethex  extract  was  dried  ova  sodiixn  sulfiite,  and  after  removal  of  the  ether  the  reaction  product  was 
vacuum  distilled.  Durlrg  die  disillarion  process  drops  of  water  r^peared  on  the  walls  of  the  distillation  flask.  The 
following  fractions  were  separated:  57-10(7  (5  mm)  —Aout  6  g  (unreacted  medyl  cyclohex)4  ketone,  m.p.  of  the  semi- 
carbazoiE  171-172)  and  13O-170r  (5  mm)  — 17.5  g.  About  4  g  of  resin  remained  in  the  flask.  The  substance  obtained 
was  a  li^t  yellow  li(|iid  of  pleasant  odor,  which  decolorized  bromine  water  aid  a  solution  of  potasium  permanganate. 
After  addition  of  5  drops  o£  concentrated  sulfuric  add,  the  product  was  distilled  ag^  We  separated  aboic  6g  of  a 
colorless  Itgud.  b.p.  134-135*  (5  mm),  and  9  g  of  the  liquid  of  light-yellow  color,  hp.  166-167*  (5  mm).  Both 
lic|iids  v/ere  insolible  in  .water,  but  highly  soluble  In  alcohol,  eder  and  chloroform,  and  decolodzed  bromine  water 
and  a  solution  of  potassium  permanganate. 

Becaise  not  all  of  the  ketone  reacted,  a  repetition  of  the  synthesis  was  carried  out  with  a  25 -3070  excess  of 
cycloher^lmagnesium  bromide  but  in  all  cases  about  20*7o  of  unreacted  ketone  was  recovered.  The  total  yield  of  iie 
ed^lene  product  was  56<7)(&om  calculation  on  the  basis  of  the  ketone  reacting):  6  g  (22.4*70)  with  a  b.p.  of  134-135 
(5  mm)  and  9  g  (33.6%)  with  a  b.p.  of  166-167*  (5  mm). 

Analysis  of  the  substance  with  a  b.p.  of  ISG-IQT  (5  mm):  dj  0.9735  (§  0.9715. 

0.0922  g  sub.:  0.2956  g  CO^;  0.1001  g  HjO.  0.0875  g  sub.:  0.2798  g  CO^  0.0976 g  HjO.  Found  %:  C  87.49, 

87.27:  H  12.15,  12.48.  C^H*.  Calculated  %:  C  87.5;  H  12.0. 

Bromometric  determination  of  the  double  bond  in  the  hydrocarbon  which  had  a  b.p.  of  166-167*  (5  mm).  We 
dissolved  a  weighed  portion  of  the  substmce  in  10  ml  of  alcohoL  addbd  an  excess  of  a  titrated  alcoholic  soludcn  of  bro¬ 
mine.  the  titre  of  vdiich  was  found  fa  each  expedment  with  a  0.1  N  solution  of  sodium  thiosulfae,  and  allowing  the 
solution  to  stxnl  for  ID  minutes,  added  a  50%  solution  of  potassium  iodide.  The  iodine  which  was  liberated  was  badc- 
titrated  widi  sodium  thiosulfate 

0.ai58gsuh:  0.2072 gBr.  0.6203  g  sub.:  0.5263  g  Br.  CjjH*.  Calculated:  0.2048,  0.5169  g  Br. 

The  edier -soluble  dibromide  was  a  dark-^een.  resinous  substance.  In  order  to  purify  the  ether  solution,  we 
cautiously  refluxed  it  widi  carbon  on  the  wata  bath.  The  flltrac,  after  removal  of  the  ether,  was  a  viscous,  dark- 
green  Ucpiid. 

Oxidation  of  the  hydrocabon  C^t^  wfalcfa  hada  b.p.  of  166-167*  (5  mm).  2  g  of  the  substanr.  in  2)  ml  of  ether 
wx  ooddized  by  a  2%  solutiai  of  potassium  permanganate  (105  ml),  in  tie  cold,  with  vigorous  stirrir^.  The  manganese 
dioxltfe  predpitate  was  filtered  off,  washed  vrith  water,  and  then  refluxed  widi  edxr  ai  the  wata  bath;  after  removal  of 
the  ether  the  residue,  which  had  the  characteristic  odor  of  methyl  cyclohexyl  ketone,  was  treated  widi  a  semicarbazide 
stdution.  The  semicarbazone  recrystallized  from  alcohol,  melted  at  171-172*.  and  no  m.pL  depression  was  observed 
fat  a  test  sample  of  a  mixtire  with  the  known  semicatbazone  of  methyl  cyddiexyl  ketone.  The  hydrous  liquid  was 
neutraliasd.  conothtrated  and  treated  with  ether.  After  remotnl  of  the  ether,  the  residue  was  treated  wldi  a  semi- 
carbazide  solution  this,  we  obtained  a  semicabazone  which,  after  recrystallization  from  alcohoL  melted  at  165-167*, 
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and  in  a  misure  with  the  known  semicaibazone  of  cyclohexanone  no  depression  of  the  melting  point  was  observed. 

Bromometric  determination  of  die  double  bond  in  the  substance  which  hAd  a  b.p.  of  1^-135*  (5  mm);  4  0*9246, 
0.9101. 

0.2104  g  sub.;  0.1755  gBr.  0.3419  g  sub.:  0.2971  g  Br.  Calculated:  0.1753,  0.2935  g  Btr. 

Oxidation  of  the  hydpcarbon  CuHa^  which  had  a  b.p.  of  134-135*  (5  mm).  2  g  of  tie  substance  was  dissolved 
in  20  ml  of  eter,  and  with  energetic  stirriig  was  oxidized  in  the  cold  by  potassium  permanganate  (210  ml).  The 
manganese  dioxide  precipitate  was  filtered  off.  washed  with  water,  and  after  drying  was  refluxed  with  edier  on  the  water 
bath.  After  removal  of  the  ether,  about  0.5  g  of  an  oily  liqpid  of  pleasaiu  odor  remained,  which  was  coorerted  to  the 
semicarbazone  by  a  solution  of  semicarbazide.  The  semicarbazme,  after  two  recrystallizations  from  alcrdiol,  melted 
at  198-200°  (decomposed),  and  with  respect  to  all  its  properties  corresponded  to  the  semicarbazone  of  dicyilcdiezyl 
ketone.  We  were  unable  to  detect  formic  acid  in  the  hydrous  liquid. 

Brominatitm  of  the  hydrocarbon  CtiHat  which  had  a  b.p.  of  134-135°  (5  mm).  To  4  g  of  the  substance  in  20  ml 
of  chlortform,  we  added  3.2  g  of  bromine  in  10  ml  of  chloroform.  We  observed  some  evolution  of  heat,  and  a  strong 
liberation  of  hydrogen  bromide,  from  the  mixture.  On  the  next  di^,  after  removal  of  the  chlofoform,  a  dark,  viscous 
llqild  remained.  The  latter  was  extracted  widi  ether,  purified  by  cautious  refluxing  on  the  water  bath  in  die  presence 
of  activated  carbon,  and  filtered.  The  filtrate  was  died  with  sodum  sulfate.  After  removal  of  the  edier,  4.4  g  of  a 
greenish,  viscous  liquid  remained;  it  was  Insoluble  Im  water  and  alcohol,  but  highly  soluble  in  ether  md  chlorafarm. 

0.4814  g  sub.:  18.45  ml  0.1  N  solution  A^O,  (according  to  Stepanov).  0.5032  g  sub.:  19.05  ml  0.1  N  solution 

A^P|.  Fotmd'To:  Br  30.6,  30.25.  Cj4HgBr.  Calculated ‘Tic  Br  29.52. 

Brominatlon  of  the  hydrocarbon  which  had  a  b.p.  <rf  166-167*  (5  mm).  4  g  rf  the  substance  in  2D  ml  of 
chloroform  was  subjected  to  brominatlon  and  furtier  treatment  similar  to  the  preceding;  thus,  the  liberation  of  hydrogen 
bromide  was  observed.'' The  purified  product  vas  astilmore  viscous,  dak -cinnamon  colored  liqiid,  which  did  not  wlib- 
staid  hea.  aid  was  soluble  in  ether  and  chloroform. 

0.7818  g  sub.;  29.3  ml  0.1  N  solution  AgNOs  (according  to  Stepanov).  Found  <70:  Br  29.94.  Cal¬ 

culated  <70:  Br  29.52. 


SUMMARY 

1.  Methyldicycloheiylcarblnol  was  synthesized  from  meth)l  cycdohexyl  ketone  and  cydohexylmagnesium  brom¬ 
ide. 

2.  On  ddiydration  of  methyldlcyclohexylcabinol  by  heating  in  the  presence  of  concentrated  sulhrlc  acdd,  two  iso¬ 
meric  unsaturated  hydrocarbons  were  formed  —asymmetrical  dicyclohexylethylene  and  medayl-cyclohex^i-cyclohexylid- 
ene-mediane. 

3.  The  structure  of  the  hydocarbons  retained  was  established  by  means  of  their  deavage  by  ooddation. 

4.  The  replacement  of  cme  atom  of  hydogen  by  bromine  was  brou^t  about  by  the  action  of  bromine  on  the 
ethylene  hydrocarbons  In  a  solution  of  chlorofam. 
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THE  ISOMERIC  DIACETONE  DERIVATIVES  OF  DENDROKETOSE 

L.  M.  Utkin 


A  few  years  ago  ihe  aithor  of  tiis  article  showed  [1]  that  the  condsnsation  of  dihydtoacyaDetone,  in  an  alkaline 
nedium  (0.05  N  NaOH),  proceeds  in  the  main  without  its  preliminary  epimerization  to  gljceraldehyde,  and  leads  to 
the  formation  of  a  ketohexose  with  a  branched  hjdrocarbon  chain.  4-hydroxymethyl -2 -ketopentose,  which  has  received 
the  name  of  dendroketose  (1);  the  latter  is  the  substance  which  E.  Fische  named  "h  -acrose",  aid  which  previously  was 
erroneously  identified  with  dl  -sorbose. 
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By  means  of  biochemical  decomposition  of  one  of  the  antipodes  from  die  racemic  form,  opticaUy-active  dextro- 
rotatay  dendroketose  audits  deri\atives  were  obtained,  which  enabled  is  to  demonstrate  its  structure  and  the  d -con¬ 
figuration  of  its  third  carbon  atom,  whidi  was  the  only  center  of  asymmetry  of  die  keto  form  of  this  sugar;  diis  was 
accomplished  by  diortening  die  carbon  chain  of  the  dendoketose  by  1  Cj  atom,  as  a  result  of  which  crude  d-apiod.c 
acid  was  obtained.  Determination  of  the  structure  and  configuration  of  dendroketose  was  achieved  by  the  stulyof  the 
transformations  of  its  1.2  3,4 -diacetone  derivative  (II)  which  was  isolated  in  the  crystalline  form. 


The  yield  of  the  racemic  form  of  this  detivati^e  did  not  exceed  20^o  oi  the  theoretical,  based  on  the  dfliydroxy- 
acetone  taken,  and  it  constituted  about  half  of  the  total  ([uantityof  the  diacetone -thrived  fraction,  obtained  with  the 
acetonized  products  of  the  condensation  of  dflydroxjacetone.  The  remaining  portion  of  this  fraction  consisted  of  a 
non-aystallizing  syrup,  which  remained  non -oystalline  after  its  bensoylation.  On  the  assumption  that  it  might  con¬ 
tain  the  isomeric  diacetone  daivative,  we  subjected  it  to  tosjiization  in  pyridine,  after  which  we  were  able  to  separate 
from  it,  in  a  yield  of  about  5^o  of  the  theoretical,  based  on  the  dihydroxyacetaie  the  crystalline  p-toliinesulfonate  of 
the  isomeric  diacetone  hexose.  Ey  splitting  off  the  tos)4  group  with  sodum  amalgam  in  a  water-alcohol  solution  [2], 
we  obtained  its  isomeric  diacetonedendroketose,  which  gave  a  characteristic  violet  coloration  for  tie  Seliwanoff  reac- 
tlm.'  Unlike  the  previously  described  diacetone  derivative  (11),  whldi  had  a  strong  levorotation  (£a]jj— 121*).  the  iso¬ 
meric  derivati\e  showed  a  dextrorotation  (£a]jj  + 60.5*).  Oxidation  of  the  isomeric  diacetone  (ferivative  by  permanganate 
in  an  alkaline  medium  yielded  diacetoneketdiexanic  acid,  which  formed  a  more  crystalline  potassium  salt  than  did 
the  ealier  described  £l]  acid,  the  potassiim  salt  of  which  did  not  crystallize.  On  acidification  of  the  aqueous  solution  of 
the  potassium  salt,  the  acid  immediately  precipitated  as  short  prisms  of  the  hydrate.  After  the  acid  was  heated  with  20 
parts  of  water  on  a  boiling  water  bath  for  1.5  hours,  the  solution  showed  a  combination  of  iodine  in  the  acid  medium, 
in  a  qianity  which  corresponded  to  a  reanangement  to  the  isomeric  ascorbic  acid.  It  was  oonduded  that  the  acid 
was  diacetone  2-ketohexonic  acid,  aid  that  the  isomer  of  the  diacetonedendroketose  separated  has  a  free  primary  hydr¬ 
oxyl  group  in  position  1,  i.e.,  is  the  2,3;4,5’ -diacetone  derivative  (HI). 


It  is  interesting  to  note  that  the  acid  which  was  studied,  4  -hydoxymethyl  -2  -ketopentonic  acid,  showed  a  rela¬ 
tively  small  degree  of  reanangement,  whereas  the  2 -ketopentonic  acid  rearraiged  very  readily  to  the  corresponding  as- 
ccnrbic  acid  £3]. 

It  is  known  that  the  1-p-tosylacetone  derivative  of  the  ketose  eitier  does  not  react  vrtth  sodium  iodide  £4],  or 
reacts  with  difTiculty  £5],  whereas  the  derivative  with  the  p-tosyl  group  substituted  in  position  5  of  the  ketopentoses  or 
in  position  6  of  the  ketohexoses,  is  readily  converted  to  the  analogous  acetone  derivative  of  the  corresponding  lodohyir- 
ins.  We  verified  this  principle  for  the  p-tosylsulftmates  of  the  tvfvo  diacetone  derivatives  of  dendoketose. 

5’-p-Tosyl-l,2;3,4-(Iacetone(fendoketose  (IV)  was  prepared  by  tie  action  of  jv-tdlylsulfochloride  on  die  pre¬ 
viously  (fescribed  £l]  diacetonedendroketose  (II)  in  pyridine.  The  reaction  of  this  substance  with  sodium  iodide  viras 
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carried  out  in  a  medium  of  boiling  n-butanol;  replacement  of  the  acetone,  usually  employed  as  the  solvent  in  this 
reaction,  by  n-butanol  enabled  us  to  dispense  with  the  use  of  a  sealed  tibe.  The  reaction  took  place  rapidly,  and  in  1 
hour  the  dieoretical  c|iaitityof  sodum  p-tolylsulfonate  had  separated.  After  treatment  of  the  solution,  5’-iodo-^- 
desoxy-l,2;3,4-dIacetonedaidroketose  (V)  was  obtained.  The  catalytic  ddialogenation  of  this  sibstance  gave  dlacetone- 
dendroketomefliylose  (VI),  from  whidi  crystalline  dendroketomethylose  (VII)  was  obtained  by  hydrolysis.  In  the  Seli- 
wstoff  reaction  it  ga\e  a  pure  blue  coloration. 
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The  1-p-tosyl  derivative  (VIII),  in  the  form  of  which  the  isomeric  diace tonedendoketose  (III)  separated,  even  on 
a  5 -hour  heating  with  sodium  iodide  in  a  medum  of  boiling  n-biaanol  gave  no  traces  of  the  separation  of  sodum  tolyl 
sulfonate;  and  conversely,  from  the  solution,  the  original  substance  was  obtained  almost  quattitatively. 


These  experiments  showed  that  the  p-tolylsulfonates  of  the  two  isome-ic  diacetone  derivatives  of  dendroketose 
beha\e  in  accordance  with  the  principle  given  above  and  confirmed  the  structure  of  the  compound  (VII),  and  con¬ 
sequently.  also  of  (III). 
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A  peculiarity  of  the  stmaure  of  dendroketose  Includes  the  fact  that,  on  formation  (f  tie  cyclic  form  of  the  mole¬ 
cule,  two  new  centers  of  asymmetry  arise  —  C,  and  C^,  whereas  for  the  normal  ketohexose  only  one  arises  —  C,;  thae  - 
fate,  the  eldstence  of  8  stereoisomers  of  the  cyclic  form  of  dendroketose  are  possible,  considering  all  the  antipodes, 
or  4  stereoisomers  are  possible  considering  one  sales. 


Tskenin  pairs  in  the  order  of  the  arrangement  pf  the  formulas,  diese  4  configurations  are  the  ct-  and  d-forms 
of  the  two  diastereoisomers,  which  differ  by  the  configuration  of  the  C4  atom.  All  4staeoisomers  should  give  d£  same 
phenybsazonc,since  on  formation  of  the  osazone  the  cyclic  structure  of  the  molecule  is  ccnverted  to  a  chain  structure, 
aid  the  asymmetry  not  only  of  the  2nd,  but  also  of  die  4th  carbon  atom,  disappears.  The  arrangemeit  of  the  primary 
hjdroxji  groups  in  relation  t>  the  hydroxyl  groups  of  die  terminal  part  of  the  molecule  permits  all  foil  stereoisomers  to 
form  the  diacetone  derivatiic;  thus,  the  stereoisomer  (IX)  may  form  both  the  2,3:4,^’ -and  the  l,2:3,4-dacetonehexose; 
thus,  the  isomeric  diacetone  derivatives  (11)  and  (HI),  which  we  isolated,  may  be  de  derivatives  of  the  stereoisoma  (IX). 
However,  it  is  more  likely  that  they  are  the  derivatives  of  stereoisomers  (X)  and  (XI),  respectively,  since  the  great 
difference  in  their  speciHc  rotations  (  —121*  and  +  60*)  could  hardly  be  the  result  of  simpb  transformation  of  the  iso - 
propylidene  group;  in  principle  die  difference  should  lie  in  the  configuration  of  their  sugar  molecule. 
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EXPERIMENTAL* 

Condensation  of  Dihydr oxyace tone  and  Separation  of  the  Optlcaliy-actlve 
Diacetonedendroketose  (II) 

25  g  of  dhydrox5racetone  was  dissolved  in  475  ml  of  water,  and  25  ml  of  IN  NaOH  was  added.  After  4  hours  at 
25*.  the  dark -yellow  solution  was  neutralized  wlfli  6  N  sulfuric  acid,  and  2.5  g  of  NH^HjPQj,  0.3  g  of  KCl,  0.25  g  of 
and  0.05  g  of  ZnSQ^*  THjO  were  added;  thin  layers  of  the  solution  wae  poured  into  ftlenmeyer  flasks 
with  cotton  plugs,  and  were  boiled  and  sown  with  a  Penicillium  culture.  After  10  days  a  +  0.47*  (constant)  was  obtained. 

The  solution  was  purified  with  lead  acetate  and  evaporated  in  vacuo  to  a  syrup,  which  was  dried  to  constant  weight 
(ver  sulfuric  acid  and  sodium  hydroxide  in  a  vacuum -desiccator;  the  yield  was  15  g.  We  acetonized  300  ml  of  acetone 
with  12  ml  of  sulfuric  acid  (d  1.84)  at  35“;  all  of  it  passed  into  solution  in  2  hours,  after  whidi  it  was  left  at  room  tem¬ 
perature  for  a  day,  and  then  tte  solution  was  neutralized  by  stirrii^  with  30  g  of  aihjdous  soda.  We  distilled  die  acet¬ 
one  from  the  filtrate  (toward  die  end  distillation  in  vacuo),  die  remaining  syrup  was  extracted  several  times  widi  ether, 
and  die  edia:  extract  was  washed  with  a  20*90  solution  of  potassium  carbonate;  the  latter  ’.vas  extracted  with  fresh  ether, 
and  the  combined  ether  extracts  were  dried  by  sulfate;  aftar  the  edier  was  dri\en  off.  the  residie  was  vacuum  distiUed 
(10.1  g),  and  had  a  b.p.  of  115-130*  (2  mn^)..  The  distillate  (7,4  g)  was  a  viscois,  )ellowish  oil,  and  it  soon  aystallized 
as  diin  prisms. 

a)  Separation  of  (11)  as  the  benzoyl  derivative,  The  distillate  was  dissolved  in  35  ml  of  pyridiiE,  and  4.5  ml  of 
benzoyl  chloride  was  added  to  the  solution;  after  a  day  the  mixture  was  poured  into  500’  ml  of  water.  The  oil  whidi 
separated  soon  partially  crystalliSBed;  the  viscous  mass  was  collected  on  a  glass  filter  and  washed  with  30  ml  of  methanoL 
2.8  g  (ll7o,  coiBidering  that  half  of  the  sugar  was  consumed  by  the  molc^  was  obtained.  After  recrystallizatim  from  hot 
methaiol,  its  m.p.  was  97*. 

0.1737  g  sub.;  a  —1.12’;  [a]])  “64.5*  (c  1.7,  acetone). 

0.1405  g  sub.i  saponified  by  0.1  N  alcoholic  KOH.  Combined  3.84  ml.  Found  ’’Jo:  28.74.  CaH^O,. 

Calculated  °/o:  CgHgCO  28.85. 

Saponification.  1. 5  g  of  the  benzoyl  derivatitie  was  treated  with  a  solution  of  0. 08  g  of  sodium  in  15  ml  of 
methaiol;  after  1  hour  tie  methanol  was  vacuum  distilled,  30  ml  of  water  was  added  and  distilled,  die  residue  was  ex- 
tracted  with  ether,  and  the  extract  was  dried  with  sulfate;  after  removal  of  the  ether  an  oil  remained,  which  crystallized 
at  once  (1.06  g)  on  cooling.  It  was  recrystallized  from  5  ml  of  gasoline  (b.p.  85-12(9).  The  thin  prisms,  0.85  g,  had  a  < 

m.p.  of  89*.  « 

0.1192  g  sub.:  o  —1.44’;  Ccxjg  —120.9’  (c  1.2,  acetone). 

3.246  mg  sib.;  6.570  mg  COg;  2.36  0  ml  HjO.  3.428  mg  sub.:  7.004  mg  COj;  2.349  mg  HgO,  Found  “yo;  C  55.20, 

55.72;  H  7.78,  7.07,  C^aO*.  Calculated  <70:  C  55.37;  H  7.75, 

b)  Separation  by  direct  treatment  of  the  distillate.  The  crysiallMng  distillate  (6.7  was  dissolved  by  warming 
it  in  4  ml  of  gasoline;  after  a  day  crystals  sepaated,  and  were  wahed  with  gast^ne  and  dried.  The  yidd  was  1.7  g 
(9.5*90)  and  them.p.  was  89*. 

The  production  of  the  dl-form  of  derivative  (H)  was  accomplished  by  Ae  same  method,  excluding  the  sta^  of 
reaction  of  the  mold  in  the  solution  of  the  craideiEation  products;  thus,  the  yield  of  the  benzoyl  derivative  amounted 
to  21*90,  and  the  m.p.  was  120 -12r.  The  same  direct  treatment  cf  te  distillate  ^ve  a  yield  of  10*90  of  the  diacetone 
derivative  (II);  the  m.p.  was  84-8ff ,  aad  the  b.p.  was  111-112*  (2  nun).  It  sudimed  at  90*  (10  mm), 

5*  -p-Tosyldiacetonedendroketose  (IV) 

0.6  g  of  die  diacetone  derivative  (II)  in  5  ml  of  pyridine  aid  0.5  g  of  p-tqsylchlorlde  were  used.  Afta  a  day 
it  was  diluted  wltii  water,  attracted  with  ether  aud  treated  by  the  usual  method  the  syrup  crystallized  whm  1  ml  of 
methaiol  was  added.  The  yield  was  0.85  g;  the  thin  prisms  from  methanol  had  a  m.p.  of  101-1015*.  (The  dl  -form 
had  a  m.p.  of  91.5-92*), 

0.1101  g  sub,:  a  —0.8?;  [a]p  “74.5*  (£l.l,  acetone). 

7.725  mg  sib.;  4.360  mg  BaS04.  8.535  mg  sifc.;  6,355  mg  BaSQj.  Found  ^o:  S  ’l.'Pk  7.71  CgHggOsS.  Cal¬ 
culated  *9o;  S  7.74. 

•  In  determination  of  the  angles  of  rotatitm,  the  length  of  die  tube  was  equal  to  1  dn,  and  die  volume  of  the  solutions 
w*  10  mL 
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l-p-Tosvl-2,3;4,5'  -  diacetonedendroketose  (VIII) 

The  mother  liqior.  after  separation  d  the  benaoyl  derivati\e  of  optically  acti\e  diacetonedendoketose  (II),  was 
evaporated  in  vacuo,  and  the  residue  was  extracted  with  ether,  the  viscous  yellow  syrup  which  remained  after  removal 
d  the  etfcr  was  sapoiified  with  a  solition  of  0.5  g  of  sodum  in  50  ml  of  methanol;  after  a  day  the  methanol  was  re¬ 
moved  in  vacuo,  50  ml  of  water  (for  removal  of  the  methyl'benzoat^  was  added  and  vacinm  distilled,  and  the  residue 
was  extracted  with  edier.  After  the  ether  was  driven  off,  5. 5  g  of  a  mixture  of  the  isomeric  diacetone  derivatives  re¬ 
mained,  which  was  dissolved  in  30  ml  of  pyridne  and  treated  with  4.5  g  of  tosylchloride  (120^o  of  the  theoretical). 

After  a  day,  the  mass  was  diluted  with  water,  and  the  oil  which  separated  was  extracted  with  etlier;  after  the  iBual  treat¬ 
ment  of  the  extract,  a  syrup  (8.5  g)  was  obtained,  and  it  was  dissolved  in  8.5  ml  of  methanol;  in  the  standng  solu¬ 
tion,  needles  were  precipitated  in  a  yield  of  2.1  g  after  recrystallization  from  methanol  theyhad  a  m.p.  of  112’ , 
after  which  the  melt  solidified  at  once  and  a  second  time  melted  at  119.5-120°.  From  gasoline  ot  n-butanol  the  short 
prisms  had  a  m.p.  of  119.5-120*.  Both  substances  had  the  same  compcsition  and  the  same  specific  rotatioi.  (The  dl  - 
form  was  deprived  of  its  dimorphism;  the  thick  .short  needles  had  a  m.p.  of  90.5-9?). 

0.2093  g  sub.!  a  +  3.2T:  [a]g  +  12.9°  (c2.1.  acetone). 

3.793  mg  sib.:  7.665  mg  CO^,  2.050  mg  HjO.  3.992  mg  sib.;  8.064  tng  COj;  2.202  mg  HjO.  Found  °}ar.  C  55.11, 

55.09;  H  6.05,  6.17.  Cj,H2,0^.  Calculated  ‘U  C  5&06;  H  6.32. 

2,3;4.5’-Dlacetonedendroketose  (III) 

1  g  of  the  p-tosyl  derivative  (Vni)  was  dissolved  in  50  ml  of  80^o  alcohol  and  with  mechaiical  stirring  25  g  of 
2*^  sodium  amalgam  was  added;  afta  3  hours.  25  g  more  cf  the  snalgam  was  intoduced  and  stitring  vras  continued  for 
8  hours.  The  solution  was  poured  off  from  mercury,  neutralized  with  hydrochloric  acid  (to  phenolplihalein)  aid  eva¬ 
porated  in  vacuo;  the  residue  was  treaed  with  10  ml  of  a  20^o  solution  cf  potassium  carbonate  and  attracted  withether; 
after  drying  with  sulfate  and  driving  off  the  ether,  0.6  g  of  a  syrup,  which  crystallisEd  in  the  desiccator,  was  obtained. 
The  crystals  were  dissolved  in  6  ml  of  hot  gasoline,  and  the  solution  was  treated  with  carbon;  on  cooling,  lustrous,  fri¬ 
able  needles  with  a  m.p.  of  635-64.5*  separated;  they  strongly  reduced  Fehling  solution  after  hydrolysis  by  acid.  (The 
dl-form  was  obtained  as  a  non-cr)Btallizing  syrup). 

0.0925  g  subj  a  +0.56°;  [;«]§  +  60.5*  (c  0.9,  acetone). 

4.256  mg  sib.!  8.637  mg  CO*;  2.899  mg  HjO.  Found  C  55.34  H  7.62.  CuHjjOj.  Calculated  C  55.37; 

H  7.75. 

The  pheiylosazone  of  dl-dendroketose.  The  syrupy  dl  -form  of  the  diacetone  derivative  (III),  obtained  from  0.5  g 
of  the  p-tosyl  cferivative  (VIII)  (^by  the  method  described,  was  heated  with  10  ml  of  0.3  N  sulfuric  acid  on  a  boiling 
bath  for  30  minutes:  the  solution  was  neutralized  with  sodiun  hydroxide,  and  0.5  g  of  thephenylhydrazine  hydrcx:hbri(b 
and  0.7  g  of  sodium  acetate  were  added  to  it.  and  the  mixture  was  heated  on  a  boiling  bab  for  3  hours.  After  washing 
theosazone  widi  etha,  and  after  repreci|)itation  by  petroleum  ether  iom  a  solution  in  acetone,  and  after  recrjstalllza - 
tlcn  from  5  ml  of  20^o  alccihol.  narrow  light-yellow  plates  with  a  m.p.  of  155-137*  were  obtained;  it  gave  no  m.p.  de¬ 
pression  with  the  known  phenylosazcme  of  dendroketose  (I). 

Potassium  Salt  of  2,  3;4. 5* -diacetone -2 -ketohexonic  Acid 

To  a  solution  of  L2  g  of  the  diacetone  derivative  (III)  in  100  ml  of  l^o  KOH,  50  ml  of  a  l<7o  solution  of  perman¬ 
ganate  was  adcbd.  with  stfrringfor  1  hour.  After  a  day.  the  bluish -geen  solution  was  decolorized  with  HjOj,  and  the 
MnOj  was  filtered  off  and  washed  with  hot  water,  the  filtrate  was  neutrali»d  witi  sulfuric  acid  (to  phenolphbalein)  and 
evaporated  to  dyness  in  vacuo;  the  salt  was  digested  with  60  ml  of  boiling  aibydrois  alcdioL  After  coicaitration  of 
the  solution  to  15  ml,  te  precipitation  of  fine  needles  began  and  was  completed  by  the  addition  of  15  ml  of  ether; 
the  yield  of  the  salt  was  0.6  g;  it  was  recrystallized  from  20  ml  cf  boilipg  anhyirous  ala^oL 

0.1070  gsub.:  a+  0.50*;  La]i5+  46.7*  (c  1.1, water). 

0.1053  g  sub.:  0.0293  g  K^Q|.  Found  <1^  K  12.5a  Ci^^OyK.  Calculated ‘y®  K  12.49. 

2,  3; 4, 5* -  Diacetone -  2 -  ketohexonic  Acid 

To  a  chilled  solution  of  0.5  g  of  the  K-salt  in  5  ml  of  water,  3  ml  of  1  N  hydocUoric  acid  was  added;  short 
plsms  separated  at  once.  Afts*  separation  of  the  crystals,  washing  widi  cold  water  and  dying  in  a  vacuum -desicca¬ 
tor,  the  )ield  was  0.3  g,  and  the  m.p.  was  96-97*.  (The  dl  -form  melted  at  85-86*). 

0.1155  g  sub.;  o  +  0.65*;  [a]g  +  56.3°  (c  1.2,  acetone). 

3.457  mg  sib.:  6.244  mg  COj;  2.032  mg  HjO.  3.153  mg  sib.:  5.674  mg  CO2;  1.876  mg  HjO,  Found  C  49.26, 

49.08;  H  6.58,  6.66.  CuHuOyHjO.  Calculated  <^(r.  C  49.31;  H  6.90. 


5'-Iodo-5*-desoxy-l,2; 3.4-diacetonedendroketose  (V) 

1  g  of  the  p-tosyl  derivative  (IV),  1  g  of  sodium  iodide  and  10  ml  of  n-butanol  were  heated  in  an  oil  hath  at 
120-12?,  in  a  wide  test  mbe  with  an  inverted  tube.  After  20  minutes  the  separation  of  phtes  of  sodium  p-tolylsulfon-r 
ate  began;  after  1  hour  the  soluticai  was  cooled  and  diluted  with  3)  ml  of  acetone,  and  0.45  g  (9dSb)  of  the  salt  separated. 
Tlo  solution  ws  evaporated  in  vacuo,  the  residie  was  diluted  with  water,  extracted  with  ether,  and  the  extract  was 
washed  with  a  solution  of  tMosulfate;  after  drying  with  sulfate  and  driving  off  the  ether,  an  oil  which  (piickly  crystal- 
liaed,  remainecfc  0.75  g  (83f7o)  of  the  crystals  was  obtained.  They  woe  recrystalUzed  &om7.5  ml  of  7055)  methanol; 
the  resulting  rhombic  plates  had  a  m.p.  of  41.5-4?.  (The  dl  -form  melted  at  53.-64*). 

0.1282  g  sub.;  ct  — Ll^;  [ajj)  -88.9"  (£1.3,  acetone). 

6.532  mg  stb.j  1.061  ml  0.01  N  Na^SjO,.  Fomd  ‘^o;  I  3t.35.  CoHnOgl.  Calculated  ‘51:  I  34.29. 

1.2;3,4-Dlacetonedendroketomethylose  (VI) 

1.2  g  of  diacetondodohylrm  (V)  was  hydrogenated  in  25  ml  of  a  l‘7o  solution  of  sodium  hylroxlde  in  methami, 
with  1.5  g  of  a  paste  of  skeletal  nickel  Abscnption  of  the  calculated  quantity  cf  hydrogen  was  completed  in  20 
minutes.  After  separation  of  the  catalyst,  neutralization  aid  driving  off  of  the  methanol,  the  reaction  product  was 
extracted  witii  ether.  The  yellowish  oil  was  distilled;  its  b.p.  was  74-75*  (4  mm);  the  yield  was  0.6g  (75^o). 

0.1037  g  sub.!  a  —1.2?;  Ija]5  “118.?  (c  1,0,  acetone), 

3.935  mg  sib.;  8.596  mg  CO^;  2.920  mg  HjO.  Found  <5^:  C  59.30;  H  8.30.  Calculated  <5^  C  58.99, 

H  8.25. 

Dendroketomethylose  (Vll) 

0.5  g  of  the  diacetone  derivative  (VI)  and  10  ml  of  0.1  N  sulfuric  acid  ware  heated  on  a  boiling  water  boh  for 
2  hours;  diehydrolyzate  was  neutralized  with  baiium  cabcnate  and  evirated  oversiifuric  add  in  a  vacuim-desicca- 
tor.  The  resulting  syrup  was  treated  with  1  ml  of  aibydous  alcdiol,  after  which  it  b^an  to  crysallize  as  plates;  the 
crystals  were  triturated  with  3  ml  of  anhydrous  alcohol,  separated,  washed  and  dried.  We  (detained  0. 16  g  of  a  substance 
with  a  m.p.  of  119-120*.  It  strongly  reduced  Fehling  solution  on  heating. 

0.1031  g  sub.!  a+  0.0?;  fctjp  +  ?  (  c  .  1.0  water). 

3.369  mg  sub.;  5.400  mg  CO^;;  2.200  mg  HjO.  Fbund  <70:  C  43.71;  H  7.31.  C^uQj.  CalciOated ‘Ts  C  4389; 

H  7.37. 

Reaction  of  1 -p-Tosyldiacetonedendroketose  (VllI)  with  Sodium  Iodide 

0.5  g  of  the  optically-active  compound"  (VUI),  0.5  g  of  sodiumioditb  and  5  ml  of  n-butanol  w*ere  boiled  for 
5  hours,  as  dssaibed  above.  The  solution  remained  clear.  After  remo;al  of  the  solvent.  0  5  g  of  the  original  sufastare 
was  obtained 


SUMMARY 

1.  It  was  shown  that  the  fraction  of  the  diacetone  derivative  which  was  obtained  by  getonization  of  the  condensa- 
tioi  products  of  dihydroxyacetoDe  contains  both  the  1. 2;3.4  -diacetcntedaidroketose  described  earlier  and  the  homeric 
diacetone  derivative  of  the  same  sugar. 

2.  The  structure  of  the  new  isomer  was  demonstrated  to  be  2.3:4,5’  -dlacetonedencboketose  by  the  fonnatiaa. 
during  its  ooddation,  of  diacetone -2-ketohexoiic  acid,  aid  by  the  absence  of  the  reartivity  of  its  p-tosyl  derivative 
toward  sodium  iodide. 

3.  It  was  found  that  5*  -p-tosyl -l,2;3,4-dlacetomBcienclroketose  reacts  readily  vrith  sodium  icxlde.  with  die  forma¬ 
tion  of  5'  -iodo-5’  -dooxydiacettaBdendroketose.  from  which  we  obtafned  die  diacetone  derivative  of  dendroketomethyl¬ 
ose  artl  its  dendoketomethylose  —  a  representative  of  die  hexomediyloses  with  branched  carbcm  chains. 
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REACTIONS  OF  THE  METAL  H  ALIDE -ALCOHOL  ATES 

II.  REACTION  OF  MAGNESIUM  HALIDE -ALCOHOLATES  OF  THE  PRIMARY  AROMA  TIC, 

SECONDARY  AND  TERTIARY  ALIPHATIC -AROMATIC  ALCOHOLS  WITH  ESTERS 

I.  I.  Lapkin 

In  order  to  elucidate  the  effect  of  the  structure  of  the  carbinolate  radicals,  and  also  the  effect  of  the  character 
of  the  esters,  cm  the  course  of  the  reaction,  we  studied  the  reactions  of  the  carbinolates  of  die  primary  aromatic, 
secondary  alkylary Icarbinols  and  tertiary -dialkylarylcarbinols  with  esters. 

»It  was  found  that,  on  reaction  with  esters,  the  magnesium  halide -alcoholates  of  benzyl  alcohol,  unlike  the  alco  - 
holates  of  the  secondary  aromatic  alcohols  [IJ,  form  not  only  benzyl  halides,  but  also  benzyl  esters. 

With  formates  and  oxalates,  the  magnesium  bromide  alcofiolates  of  the  secondary  aliphatic  -aromatic  alcohols 
form  both  halide  derivatives  (R— CHBr— CHjR')  and  unsaturated  hydrocarbons  (R— CH=CH— R’);  die  hydrocarbons  seem 
to  be  almost  the  sole  reaction  products  of  the  magnesium  halide  alcoholates  of  the  tertiary  dialkylarylcarbinols. 
Finally,  by  the  action  of  diethyl  oxalate  on  die  magnesium  halide  bornylates,  only  esters  (the  ethyl  borayl  and  the 
dibomyl  ester  of  oxalic  acid)  are  formed. 

The  results  of  the  experiments  are  cited  in  Table  1. 


TABLE  1 


Expt. 

No. 

Components  reacting  | 

1 

1  Composition  of  the  : 

reaction  products  (in  ‘2S)) 

halide 

1  carbinol 

ester 

1  unsaturated  hydro¬ 
carbon 

1 

lv%Br-i^enylcarbinolate  +  ethyl  formate . 

49 

j  27 

24 

- 

2 

Mgl-fiienylcarbinolate  +  ethyl  formate .  ; 

49 

i 

38 

— 

3 

MgBi-  phenylcarbinolate  +  diethyl  oxalate . .  . 

55 

j  20 

25 

— 

4 

Mgl-pnenylcarbinolate  +  diethyl  oxalate . 

56 

!  18 

24 

— 

5 

MgCl -phenylcarbinolate  +  diediyl  oxalate . 

11 

1  32 

57 

— 

6 

MgBr -phenylcarbinolate  +  diethyl  malonate . 

— 

100 

— 

7 

Mgl -phenylcarbinolate  -t-  diethyl  malonate  . . 

4 

— 

96 

8 

MgBr -phenylcarbinolate  +  diethyl  succinate . 

3 

6 

91 

— 

9 

Mgl -phenylcarbinolate  +  diethyl  succinate . 

7 

9 

84 

— 

10 

MgBr -n -butyl phenylcarbinolate  +  ethyl  formate . 

56 

44 

— 

— 

11 

MgBr-n -butyl phenylcarbinolate  +  diethyl  oxalate . 

52 

21 

— 

27 

12 

MgBr -propyl- a -naphdiylcarbinolate  +  diethyl  oxalate.  .  . 

22 

21 

— 

57 

13 

k^Br-dimethylphenylcarbinolate  +  ethyl  formate . 

20 

— 

— 

80 

14 

MgBr-diethylphenylcarbinolate  +  ediyl  formate . 

10 

— 

— 

90 

15 

MgBr-bomylate  +  diethyl  oxalate . 

— 

10 

90 

— 

16 

Mgl-bomylate  +  diethyl  oxalate . 

— 

8 

92 

— 

As  was  shown'earlier  [IJ,  diarylmethyl  halides  are  formed  by  the  reaction  of  the  magnesium  halide -diaryl - 
carbinolates.  Attempts  to  use  this  reaction  for  alkoxyl -containing  phenylnaphthyl-  and  dinaphthylcarblnolates. 
namely,  the  MgBr -carbinolates  of  idienyl-(2-methoxynaphthyl-l)-carbInol,  phenyl}(2-ethaxynaphthyl-l)-carbinol. 
di-(2-methoxynaphthyl-l)-carbinol  and  di-(2-ethoxynaphthyl-l)-carbinol,  did  not  lead  to  the  formation  of  die  hali¬ 
des.  because  of  the  very  low  solubility  of  the  magnesium  halide -carbinolates  in  anhydrous  ether.  We  succeeded  ' 
only  in  the  case  of  the  conversion  of  magnesium  bromIde-di-(2-metiioxynaidithyt-l)-carbinolate  to  dl-(2-methoxy- 
naphthyl-1) -methyl  ether  by  the  action  of  diethyl  oxalate. 


EXPERIMENTAL 


Tlie  reaction  between  the  magnesium  halide - 
alcoholates  and  the  esters  was  carried  out  under  condi¬ 
tions  described  earlier  [1].  In  tlie  mixture  of  products 
obtained,  the  content  of  the  halide  derivatives  was  de  - 
termined  either  by  means  of  an  alcoholic  solution  of 
sliver  nitrate  or  by  the  Stepanov  method;  the  carhinol 
content  was  measured  by  a  determination  of  the  hydr¬ 
oxyl  by  the  Chugaev-Tserevitinov  or  Terentyev  mediod, 
die  ester  contents  were  determined  by  saponification  of 
the  reaction  products  with  a  titrated  water-alcohol  solu¬ 
tion  of  potassium  hydroxide.  In  the  latter  determina¬ 
tion.  we  naturally  considered  the  quantity  of  titrated 
solution  which  was  consumed  for  the  saponification  of 
die  halide. 

From  die  difference  between  lOO^o  and  the  sum 
of  die  halide,  carbinol  and  ester  contents,  the  content 
of  die  unsaturated  hydrocarbrns,  which  were  identified 
in  experiments  3  and  4,  was  determined.  The  results 
of  die  investigations  ate  presented  in  Table  1. 

The  carbinols,  which  were  required  for  the  ex¬ 
periments,  and  which  had  not  been  described  earlier  in 
the  literature,  were  synthesized  under  the  usual  condi¬ 
tions  of  the  Grignard  synthesis.  Their  properties  are 
presented  in  Table  2. 

Synthesis  of  di-(2-methoxynaphdiyl-l)-mediyl 
ester.  Tp  the  magnesium  -organic  compound  prepared 
from  27.3  g  of  a  -bromo-  fi-methoxynaphthalene,  dis¬ 
solved  in  a  4 -fold  quantity  of  anhydrous  ether,  ethyl 
formate  (3.7  g)  dissolved  in  twice  its  quantity  of  edier 
was  added.  The  mixture  was  heated  for  3  hours,  and 
then  diethyl  oxalate  (14.6  g)  was  added  to  it,  and  die 
mixture  v.’as  heated  for  .'"’lours,  and  flien  diethyl  oxa¬ 
late  (.14,'^  g)  v/as  a  ided  to  it,  and  the  mixture  was  heat- 
feil  for"''  oours  more.  .''.Tter  decomposition  of  the  reaction 
mixture  and  i^e.iaration  of  the  water- insoluble  magnes¬ 
ium  oxalate,  the  ether  layer  was  walhed  v^ith  water.  The 
di-(2-inetlioxynaphthyl-l)-itiethyl  ether,  which  was  diff¬ 
icultly  soluble  in  hydrous  ether  was  purified  by  recrystall¬ 
ization  from  methyl  a’cohol.  Its  m.p.  was  26o-266*.  The 
yield  was  AOPh. 

gsuj>  0.2545  g  CO2;  0.0423  g  HjO.  = 
0.0622  g.swbi  rni  ^'.1  N  A  gNOj.  Found  Is:  C  82.09; 

H  5.C0;'  OCH3  1  .i.7!).  C^HsgOs.  Calculated  C  82.36 
H  5.71;  OCHj  18.50. 

SUMMARY 

1.  The  reactions  of  the  magnesium  halide -alco- 
holates  of  die  primary  aromatic  alcohols,  secondary  - 
alkylarylcarbinols  and  tertiary-dialkylarylcarbinols 
with  esters  were  studied.  It  was  found  that  the  mag¬ 
nesium  halide-alcoholates  of  benzyl  alcohol,  with 
equimolecular  quantities  of  esters,  form  benzyl  halides 
and  benzyl  esters.  Similar  to  the  alcoholates  of  the 

*  Together  widi  L.  V.  Ushakova.  M.  N.  Rybakova.  V.  F. 
Maksimov,  T.  N.  Lobanova,  N.  E.  Evstafyeva.  N.  F. 
Panaska  and  V.  E.  Tarasova. 
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secondary  aliphatic -aromatic  alcohols,  the  halides  and  unsaturated  hydrocarbons  become  almost  die  sole  reaction 
products  of  the  tertiary -dialkylarylcarbinolates.  Widi  diethyl  oxalate,  the  magnesium  halide -bomylates  form  the 
ethylbomyl  and  dibomyl  esters  of  oxalic  acid. 

2.  We  synthesized  and  described  the  previously  unknown  compounds:  phenyl -(2 -ethoxynaphthyl-l)-carbinol, 
di-(2-methoxynaphthyl-l)  carbinol,  di-(2-ethoxynaphthyl-l)-carbinol  and  di-(2-methoxynaphthyl-l)-mediyl  ether. 

LITERATURE  CITED 
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SYNTHESIS  OF  lODO -D  ERIVATIVES  OF  THE  FURAN  SERIES 


5-IODOFURFURA  LDEHT  DE 

Z.  N.  Nazarova 

The  iodine -substituted  fuian  series  cannot  be  obtained  via  the  diazo  compounds  by  the  characteristic  tnelliod 
for  obtaining  aromatic  compomids.  Only  5-chloro-  and  5 -bromo -substituted  derivatives  [1,  2]  were  obtained  by  the 
direct  halogenation  of  fiiran  derivatives. 

A  series  of  iodine -substituted  furans  was  detained  via  die  mercuric  chloride  derivatives,  which  were  fcnmed 
either  from  the  salts  of  2 -furan -carboxylic  acid  £l,  3].  or  by  the  direct  mercurization  of  furan  and  its  derivatives 
[1.  3.  41 

However,  not  all  of  die  furan  derivatives  are  mercurized  readily  and  smoothly:  the  reaction  is  frequently  accom¬ 
panied  by  die  formation  of  di-,  tri-  and  tetra- mercuric  derivatives  [3,  5.  61  Thus,  on  mercurization  of  furfuraldehyde 
diacetone,  Scheibler  and  others  [6]  obtained  a  mixture  of  substituted  mercuric  derivatives;  on  treatment  of  the  latter 
with  iodine,  the  authors  isolated  a  mixture  of  iodinated  furfuraldehydes,  among  which  was  observed  a  small  quantity 
of  mono-iodofiirfuraldehyde,  witii  a  m-p.  of  110*.  However,  its  stmcmre  was  not  established.  By  iodination  of  mono- 
chloromercuro -furfuraldehyde  [4J.  synthesized  from  fiirfuryl  alcohol  by  the  ester  method,  iodofurfuraldehyde  with  a 
m.p.  of  127.5*  was  obtained  in  a  yield  of  46^0,  which  on  conversion  to  the  alcohol  amoumed  to  a  total  of  4.5^  The 
structure  of  the  iodofurfuraldehyde  thus  obtained  was  demonstrated  by  its  conversion,  by  the  Cannizzaro  reaction  in 
the  presence  of  traces  of  hydrogen  peroxide,  to  5 -iodofuran -2 -carboxylic  acid.* 

Until  the  present  time,  iodofurfuraldehyde  was  not  readily  available  and  was  a  little -studied  compound.  The 
development  of  a  method  for  its  production  revealed  a  method  of  synthesis  of  new  preparations  which  are  of  great 
iniBiest  physiologically. 

Considolng  the  relative  ease  of  substituting  a  halide  for  a  nitro-group  in  the  5-position  of  the  furan  nucleus 
[8  ].  it  was  of  interest  to  investigate  the  feasibility  of  obtaining  an  iodine  -substituted  furan  series  by  the  exchange 
reaction  of  bromine  by  iodine,  by  means  of  alkali  metal  halides  in  organic  solvents  [91 

The  results  which  we  obtained  showed  that  this  reaction  can  be  used  successfully  for  die  production  of  the 
5-iodosubstituted  derivative  of  furan.  Thus,  we  were  able  to  obtain  a  yield  of  more  than  9()^o  of  iodofurfuraldehyde 
(I)  by  heating  5-bromofurfuraldehyde  with  an  alkali  metal  iodide  in  a  solution  of  glacial  acetic  acid. 

Earlier  [2]  we  showed  the  feasibility  of  obtaining  a  60^  yield  of  bromofurfuraldehyde  by  the  direct  bromination 
of  furfuraldehyde.  Thus,  by  diis  method,  iodofurfuraldehyde  can  be  obtained  via  brotnofurfuialdehyde.  in  a  yield  of 
547o  on  conversion  to  furfuraldehyde. 

The  5 -iodofurfuraldehyde  consisted  of  stable  yellowish  needles  (from  dioxane  or  alcohol),  v^ich  had  a  m.p. 
of  127.5-128*;  they  decomposed  at  the  boiling  point  (about  227*),  and  were  practically  Insoluble  in  water,  highly 
soluble  in  dioxane,  and  more  difficultly  soluble  in  alcohol:  they  were  steam -distilled:  iodine  was  liberated  quantita¬ 
tively  on  heating  the  crystals  widi  nitric  acid. 

5 -Iodofurfuraldehyde  readily  formed  an  oxime  which  consisted  of  yellowish  needles  with  a  m.p.  of  167-168* 
(decomposed):  it  gave  a  semicarbazone  which  consisted  of  small  yellow  needles,  \^ch  decomposed  at  197-199* 
without  melting. 

Upon  treatment  of  iodofurfuraldehyde  with  a  ZQPio  aqueous  solution  of  sodium  hydroxide,  in  the  presence  of  traces 
of  hydrogen  peroxide,  we  also  obtained  a  58<7o  yield  of  5 -iodofuran-2 -carboxylic  acid  (II)  L4J,  with  a  m,p.  of  1921*. 


WaOH 

0*^ 


COON* 


COOH 


♦  The  5  iodofuran -2 -carboxylic  acid  was  synthesized  from  2,5-diiodofuran  [7]. 
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Like  bromofurfuraldehydE  [lO^i  iodofurfuraldehyde  readily  undergoes  die  Perkin  reaction,  with  the  formation  of 
an  82f5{)  yield  of' 5 'iodofurylacrylic  acid.  The  5  “iodofurylacrylic  acid  consisted  of  lustrous,  yellow  flakes  with  a  de¬ 
composition  point  of  159-160*;  they  were  insoluble  in  tiie  cold  in  water  and  poorly  soluble  in  boiling  water;  they  were 
highly  soluble  in  dioxane.  but  more  difficultly  soluble  in  alcohol.  Iodine  was  liberated  quantitatively  by  the  action 
o  f  nitric  acid. 

The  iodofurfuraldehyde  also  condensed  with  nitromethane,  forming  an  86*70  yield  of  5  -iodofurylnitroethylene 
(IV).  The  reaction  took  place  with  the  formation  of  the  sodium  salt  of  the  corresponding  nitro- alcohol  (III).  The 
latter  could  be  separated  from  the  anhydrous  salt  as  an  unstable  oil,  by  cautious  acidification  with  acetic  acid;  by 
die  action  of  mineral  acids  and  also  by  steam  distillation,  it  was  converted  to  iodofurylnitroethylene  (IV),  which  con¬ 
sisted  of  orange -red  flakes  with  a  m.p,  of  112-113*  (from  alcohol). 


=CHNOz 

(IV) 


Iodofurylnitroethylene  has  an  irritating  action,  and  dissolves  easily  in  organic  solvents,  but  is  insoluble  in  water. 
We  also  obtained  5-lodofurylnitroediylene,  in  an  82f!^  yield,  from  5-bromofurylnitroethylene  [8]  by  the  exchange  reac¬ 
tion  of  bromine  by  iodine  with  alkali  metal  iodide  in  a  solution  of  acetic  acid. 

5-Bromofuryl-a;-chloronitToethylene  [8]  also  enters  into  an  exchange  reaction  with  alkali  metal  iodide.  In 
this  case,  die  exchange  of  halide  proceeds  only  in  die  furan  nucleus,  with  the  formation  of  5-iodofurylchloronitroethyl 
ene  (V): 


‘-Q- 


Cl 

CH=:C^ 

(V, 


The  chlorine  in  S-nitrofuryl-w-chloronitroethylene  [8]  PJN—C4H2O— CH=C  ],  does  not  enter  into  the  ex- 

V  NO.' 

change  reaction.  ^ 

The  iodofurylcttoronitroethylene  consisted  of  orange -cinnamon  leaflets  with  a  m.p.  of  109-109.5*  (from  alco¬ 
hol);  they  possessed  an  irritating  action. 

Both  5 -iodofurylnitroethylene  and  5-iodofurylchlotonftroethylene,  on  heating  with  nitric  acid,  liberated  iodine 
quantitatively,  but  unlike  the  corresponding  5-bromo-substituted  derivative  [8J,  the  formation  of  5 ’nitrosubstimted 
derivative  was  not  observed. 


EXPERIMEN  TAL 

The  ease  with  which  die  5-iodo-  and  5-bromo-substituted  derivatives  of  furan  liberated  halide  on  heating  .with 
nitric  acid  induced  us  to  attempt  to  determine  the  halogen  quantitatively.  A  weighed  portion  (0.05-0.15  g)  of  the 
substance  was  placed  in  a  conical  flask  (200  ml  capacity)  with  a  ground -glass  stopper,  and  approximately  twice  the 
quantity  of  AgN03  required  theoretically  and  5-6  ml  of  HNO3  (d  1,4)  were  added.  The  flask  was  left  in  a  dark  place 
for  48  hours,  witii  periodic  shaking,  after  which  it  was  placed  in  a  tepid  bath  (50-60*)  until  nitrogen  oxides  appeared. 
As  usual,  a  furdier  check  was  made  by  determination  of  the  halogen  gravimetrically. 

We  verified  the  present  method  for  seven  5 -halogen -substituted  derivatives  of  furan.  Also,  parallel  halogen 
analyses  of  these  compounds  were  made  by  the  Carius  method.  The  results  of  diese  analyses  are  cited  in  die  Table. 

The  data  obtained  showed  that  the  ease  of  displacement  of  halide  by  nitric  acid  in  the  5 -substituted  derivatives 
of  furan  may  be  utilized  not  only  as  a  qualitative  reaction  for  halide  in  diese  compounds,  but  also  for  their  quantita¬ 
tive  determination. 


5-Iodofurfuraldehyde 

A  mixture  of  35  g  (0.2  mole)  of  bromofurfuraldehyde  [2],  35  g  (0.21  mole)  of  anhydrous  KX,  and  180  ml  of 
glacial  acetic  add  was  boiled  under  reflux  for  1  hour;  on  coolii^,  the  mixture  was  poured,  with  stirring,  into  1  liter 
of  water.  After  2  hours  the  precipitate  which  came  down  was  separated,  washed  with  water  and  dried.  The  yield  was 
37.1  g  (9ff7o);  the  m,p.  was  124-126*.  The  crude  product  was  dissolved  in  30  ml  of  hot  alcohol,  and  boiled  with  activa¬ 
ted  carbon  for  15  minutes.  After  addition  of  an  equal  volume  of  hot  water  to  the  filtrate,  die  iodofurfuraldehyde 
quickly  crystallized  as  small,  yellowish  needles.  30.8  g  (80^o)  of  iodofurfuraldehyde  with  a  m.p^  of  126-12T  was  ob¬ 
tained.  After  a  second  recrystallization  from  alcohol  (or  dioxane),  and  careful  drying  in  a  vacuum-desiccator,  the 
almost  colOTless  needles  had  a  m.p.  of  127.5-128*.  They  did  not  change  under  storage,  and  were  stable  toward  the 
action  of  dilute  solutions  of  alkali.  Iodine  vapor,  liberated  by  heating  with  HNO^  (d  1.35),  crystallized  on  die  walls 
of  the  vessel. 

Found  <70:  1  57.24.  CgHsOjI.  Calculated  <7«  157.19. 

TABLE 


Results  of  the  Determination  of  Halogen  in  5-Bromo-  and  5 -lodo -substituted  Derivatives  of  Furan 


Test 

Substance  analyzed 

Empirical 

Meltinq 

Halide,  cal- 

Halide,  found 

1  According  to  our  method 

No. 

formula 

point 

1 

i 

i  i 

culated  (<7)) 

according  to 
Carius  (*7o) 

weighed 

portion  of 
substance 

(g) 

halide 

found 

(1o) 

1 

2 

Bromofinfuraldehyde . 

Iodofurfuraldehyde . 

CgHjOjBr 

CgHjO,! 

82-83* 

127.5- 

128 

45.68 

57.19 

45.46 

57.24 

0.1234 

1.1590 

1 

0.1334 

0.1684 

45.98 

57.25 

3 

Bromofurylnitroefltylene . 

C,H[|0,NBr 

117-118 

36.67 

36.82 

0.1198 

0.1021 

36.26 

4 

lodofuiylnitroeihylene . 

CjHtOjNI 

112-113 

47.91 

47.87 

0.0482 

0.0425 

47.66 

5 

lodofurylnitroethylene. . 

C^OjNI 

113-113b 

1  47.91 

47.59 

0.1258 

0,1102 

47.34 

ff 

Bromofuryichloronitroethylene 

CJHaOjNClBr 

74-75 

31.66  (Br) 
45.71(Ch-Br) 

45  47 

0.1375 

0.1036 

32.05 

7 

lodofurylchloxonitroethylene 

c,Hp,Ncn 

42.38  (I) 
a23(Ch-I) 

54.34  ! 

1 

j 

0.1024 

0.0802 

42.33 

8 

lodo  fur  ylacrylic  acid . . 

CtHgOjI 

159  -160 

48.09 

47.90 

0.1168 

0.1023 

47.34 

The  oxime  of  5-iodofutfuraldehyde.  To  a  solution  of  7  g  of  hydroxylamine  hydrochloride  and  3.5  g  of  anhydr¬ 
ous  sodium  carbonate  in  a  minimum  quantity  of  water,  we  added,  widi  shaking,  a  solution  of  7  g  of  iodofurfuraldehyde 
in  50  ml  of  alcohol,  and  allowed  die  mixture  to  stand  fox  2  days.  Gradually,  large  yellowish  flakes  crystallized.  After 
recrystallization  from  607o  alcohol,  they  were  small,  almost  colorless  needles  with  a  m-pu  of  167  -168*  (decomposition). 
By  setiling  widi  water,  we  obtained  a  still  furdier  quantity  of  die  oxime  from  the  modier  liquor.  The  total  yield  was 
5.7  g  (76.3^0). 

0.1034  g  sub.;  0.1026  g  AgL  Founds*  1  53.62.  Calculated  <7o:  1  53.57. 

The  oxime  was  soluble  in  alcohol  and  poorly  soluble  In  water;  iodine  was  liberated  at  room  temperature  by 
nitric  acid.  The  oxime  did  not  have  a  sweet  flavor. 

The  semicarbazone  of  5 -iodofurfuraldehyde.  On  mixture  of  hot  solutions  of  5  g  of  semicarbazide  hydrochlor¬ 
ide  and  4.2  g  of  sodium  acetate  in  4  ml  of  water,  and  4  g  of  iodofurfuraldehyde  in  25  ml  of  alcohol,  small  yellow, 
lustrous  needles  of  the  semicarbazone  precipitated  immediately.  TTie  yield  was  4.8  g  (95,4*70).  After  recrystalliza¬ 
tion  from  alcohol,  doe  decomposition  point  was  199  -200*.  Iodine  was  liberated  by  nitric  add. 

0.0810  g  sub.:  0.0678  g  AgL  Found 'Tk  145.24.  C,H*OjN,I.  Calculated  <7o;  145.50. 

5 -lodofurancarboxylic  Acid[4] 

A  mixture  of  2,22  g  of  iodofurfuraldehyde,  55.5  nil  of  a  30*7o  aqueous  solution  of  sodium  hydroxide,  and  3  drops 
of  hydrogen  peroxide  was  allowed  to  stand  for  4  days  widi  periodical  diaking;  water  was  later  added  until  the  sodium 
iodofurancarboxylkte  precipitate  dissolved,  and  the  solution  was  treated  twice  with  ether.  The  alkaline  solution  was 
made  acidic  to  Congo  with  concentrated  hydrochloric  acid;  thus,  the  almost  colorless  precipitate  of  iodofurancaxboxy- 
lic  acid  came  down  instantly.  After  several  hours,  the  precipitate  was  filtered  off,  washed  with  cold  water  and  dried 
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over  calcium  chloride  in  a  vacuum -desiccator.  The  yield  was  1.4  g  (58.8^o).  After  recrystallization  from  hot  water, 
its  m.p.  was  192*;  from  benzene  tiie  m.p.  was  197  -198*  (decomposed).  Iodine  was  liberated  by  heating  the  iodofuran- 
carboxylic  acid  with  nitric  acid. 

0.0525  g  sub.:  2.2  ml  0.1  N  KCM.  Found:  equiv.  238.5.  C5HJO3L  Calculated;  equiv.  237.9 
5 -lodofur ylacrylic  Acid 

A  mixture  of  13.3  g  (0.06  mole)  of  iodofurfuraldehyde,  25.5  g  (0.25  mole)  of  acetic  anhydride,  and  6  g  (0.061 
mole)  of  three -times  remelted  potassium  acetate  was  heated,  witii  stirring,  under  an  air  condenser,  on  an  oil  bath  at 
a  badi  temperature  of  145  -150*.  After  addition  of  50  ml  of  water,  the  reaction  mixture  was  boiled  for  15  minutes 
longer,  then  the  hot  solution  was  carefully  decanted  from  the  resinous  deposit,  and  the  residue  was  repeatedly  extrac¬ 
ted  with  hot  water.  The  aqueous  solution  was  made  acidic  to  Congo  with  hydrochloric  acid.  The  iodofiirylacrylic 
acid  quickly  crystallized  as  lustrous,  yellow  flakes.  The  yield  was  13  g  (82.2^).  The  crude  product  was  purified  by 
boiling  its  dioxane  solution  witii  activated  carbon,  and  precipitating  it  from  die  filtrate  wifli  hot  water.  The  yellow 
flakelets  obtained  decomposed  at  159  -160*  with  the  evolution  of  free  iodine. 

0.0958  g  sub.;  0.0849  g  Agl.  0.1000  g  sub.;  3.8  ml  0.1  N  KOH.  Found  I  47.90;  equiv.  263.1.  C^gOjI. 

Calculated  148.09;  equiv.  263.9. 

5  -  lodofur  ylnitroethylene 

a)  The  condensation  of  5 -iodofurfuraldehyde  (0.01  mole)  with  nitromediane  (0.01  mole)  was  carried  out  under 
the  conditions  described  for  bromofurfuraldehyde  [81  A  yellow-orange  precipitate  of  iodofurytnitroethylene  was  ob¬ 
tained.  The  yield  was  86*^.  After  2  recryttallizations  from  alcohol  the  orange -red  flakes  had  a  m.p.  of  112-113“; 
they  were  highly  soluble  in  dioxane  and  acetone,  but  were  more  difficultly  soluble  in  alcohol,  and  were  insoluble  in 

•i  water. 

0.0945  g  sub.;  0.0837  g  AgL  Found  <7<r.  147.87.  C^O,NI.  Calculated  147.91. 

The  condensation  was  carried  out  in  a  similar  way.  except  that  the  reaction  mass  was  not  diluted  with  water  and 
was  not  decompKKed  with  acid,  but  the  precipitate  of  the  sodium  salt  (2.74  g,  90*7o)  which  formed  was  separated,  washed 
'  with  cold  methanol  and  anhydrous  ether,  dried  in  a  vacuum -desiccator,  and  carefully  decomposed  with  acetic  acid 

until  its  reaction  was  slightly  acidic  (to  litmus).  The  mixture  was  extracted  with  ether,  and  the  ether  extract  was 
washed  with  a  V’Jo  solution  of  sodium  bicarbonate.  After  removal  of  the  ether  in  a  vacuum -desiccator,  we  obtained 
'  an  orange -red  oil,  which  on  storage  gradually  yielded  orange-red  crystals.  The  oil  was  steam -distilled;  yellow-  r 

orange  crystals  were  obtained.  The  yield  was  80*70.  The  m.p.  was  99-100*.  The  orange -red  plates  from  alcohol  had  a 
m.p.  of  112-113*. 

b)  Exchange  reactlcm  of  5-bromofurylnitroethylene  [8]  with  Mel.  A  mixture  of  1  g  of  bromofurylnitioethyl- 
ene,  2  g  of  anhydrous  KI  (or  Nal)  and  15  ml  of  glacial  acetic  acid  was  heated  for  2  hours  on  the  water  bath.  On 
cooling,  it  was  poured  into  50  ml  of  water;  a  dark  precipitate  came  down  immediately.  The  yield  was  1  g  (82.07©). 

After  2  recrystallizations  from  alcohol  (with  the  use  of  activated  carbon),  the  orange -red  plates  had  a  m.p.  of  113- 
113.5*.  A  sample  of  a  mixture  with  known  5-lodofurytnitroethylene  gave  no  m.p.  depression.  Iodine  was  liberated 
on  heating  with  nitric  acid;  nitrofurylnitroethylene  was  not  observed. 

Found  7o:  147.35.  Cfl^O^NI.  Calculated  Ts  147.91. 

5 -  lodofur  ylchloronltroethylene  \ 

A  mixture  of  0.7  g  of  5 -bromofur ylchloronltroethylene  £8]  (m.p.  74-75*),  1  g  of  Nal  and  7  ml  of  glacial  acetic 
acid  was  heated  for  2  hours  on  the  water  bath,  and  on  coollixg  vras  poured  into  50  ml  of  water.  A  dark  precipitate 
came  down.  The  yield  was  0.4  g  (48.2‘7>).  After  recrystallization  from  alcohol,  the  orange -cinnamon  leaflets  had  a 
m.p.  of  109-109.5*.  They  had  an  initating  action.  Iodine  was  liberated  by  heating  the  crystals  with  nitric  acid. 

0.0409  g  sub.;  0.0518  g  (AgCl+ Agl).  Found ‘Tr.  (Cl+I)5a34.  C,H^,NC1I.  Calculated  *7o:  (C1+  1)  54,23.  I 

SUMMARY 

1.  We  Aowed  the  feasibility  of  production  of  iodofurfuraldehyde  and  w-nittovinylated  5 -iodo -substituted  furan 
by  exchange  reactions  of  the  corresponding  bromo -substituted  derivatives  with  alkali  metal  iodides. 

2.  lodofuraldehyde,  which  was  obtained  in  a  907o  yield,  and  its  derivatives,  die  oxime  and  the  semicarbazone, 
which  had  not  been  described  in  the  literature,  were  characterized. 
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3.  For  the  first  time,  the  condensation  of  iodofurfuraldehyde  witii  nitrometiiane,  and  the  Perkin  reaction,  were 
carried  out.  We  obtained  86  and  82^0  yields,  respectively,  of  5-iodofurylnitroethylene  and  5-iodofurylacrylic  acid, 
whidi  had  not  been  described  in  the  literature. 
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THE  COMPLETE  STNTHESIS  OF  PSEUDOIONONE 


G.  I.  Samokhvalov,  M.  A.  Miropolskaya,  L.  A.  Vakulova  and  N.  A.  Preobrazhensky 


Pseudoionaie  (Vm)  is  a  substance  that  paaesses  great  significance  for  the  perfumery  industry'  as  an  intermediate 
in  the  synthesis  of  a-  and  0  -iooxnes. 

At  the  present  tinte,  the  latter  compound  has  also  acquired  Interest  as  the  starting  material  fen  the  syndiesis 
of  vitamin  A  and  carotlnoids.  Bodi  of  the  isomeric  ionones  axe  detained  by  the  cyclization  ofpseudaionmie  ha 
acid  medium,  in  which  connection,  depending  on  the  character  and  concentration  of  the  cycllzahaQ  agent,  one  of 
the  isomers  is  obtained  in  predominant  amount. 

Pseudoionone  (VH)  is  obtained  by  die  condensation  of  natural  occurring  citral  (VDI}  with  acetone  under  the 
influence  of  alkaline  agents. 


CH,-C=CHCHiCH,C=CHCHO  +  CHjCOCH, 

cm 

CH,  CH,  GH, 

I  I  n 

CH,-C=CHCH^CHiC=;CHCH^CHCO 

(vn) 

The  sources  of  citral  (Vm)  are  the  natural  ethereal  oils  or  diose  containing  this  substance  in  appreciable  quan¬ 
tity  (for  exan^le,  lemon -grass,  spike -lavender,  etc.),  or  giving  it  as  the  resilt  Of  die  oocidatian  of  linalocfl  (coriander 
Oil),  hi  return  times  many  papen  have  been  devoted  to  the  problem  of  die  partial  synthesis  of  pseudoionone:  how¬ 
ever,  up  to  now  the  complete  synthesis  of  pseudoionone  has  not  been  dlsdosed. 

The  complete  synthesis  of  pseudoionone  developed  by  us  Is  described  in  die  present  paper  [1]. 

CH,  CH, 

I  I 

CH,=C-CH=^CH,  CH,-C=CHCH,Br  — 

(I) 


CH,  CH, 

CH,-C=CHCH^CH^O+ BK2%CH=CHC00C,H,  — +• 

(n)  (Ui) 

CH,-C=CHCHiCI^CH^=CHCOOC,l^  — 

(IV)  OH 


CH, 

I  ^ 


CH,-C=CHCH*CHjC =CHCH=CHCOOC^ 
(V) 


CH,  OI, 


CH,-C=CHCH/ai,C=CHCH=CHCOaH 


(VI) 


(VH) 


The  first  stage  in  the  given  synthesis  is  the  known  [2]  preparation  of  2-methyl-2-hepten-6-one  or  methylhepten- 
one  (II)  proceeding  fromisoprene  [3]  throng  y.y-diniethylallyl  bromide  (I),  which  is  further  condensed  with  aceto- 
acetic  ester. 

In  this  syndiesis  Arens  and  van  Dorp  [2]  saponified  the  alkylated  acetoacetic  ester  by  shaking  it  with  an  aqueous 
alcohol  solution  of  sodium  hydroxide,  followed  by  extraction  of  the  unsaponified  portion  from  the  alkaline  solution 
with  ether.  Inasmuch  as  partial  decarboxylation  also  took  place  under  these  coiditians  with  the  formation  of  methyl - 
heptenone,  there  was  considerable  loss  of  this  product  due  to  its  removal  along  wldi  the  unsaponliied  material.  We 
found  it  possible  to  avoid  this  loss  if,  after  the  saponification  with  alcoholic  alkali,  the  solution  was  made  acid  and 
die  mediylheptenone  was  removed  by  steam  distillation.  The  yield  of  distilled  product  was  about  Tue  methyl - 

heptenone  (11)  obtained  in  this  manner  was  condaised  (in  benzene  in  the  presence  of  zinc  amalgam)  with  the  ethyl 
ester  of  y-bromocrotonic  acid  (HI)  to  give  the  ethyl  ester  of  5.9-dimethyl-2,8-dien-5-hydroxydecanoic  acid  (IV). 

The  lawer  was  dehydrated  with  phosphorus  oxychloride  in  the  presence  of  pyridine  to  the  ethyl  ester  of  5,9 -dimethyl - 
2,4,8-trieiiedecanoic  acid  (V).  The  free  acid  (VI)  obtained  after  saponification  of  the  ester  was  converted  into 
pseudoionone  (VII)  by  treatment  widi  meihyllithium. 

The  starting  edyl  ester  of  crotonic  acid  was  obtaiiKdby  the  hydrogenation  of  acetoacetic  ester  with  skeletal 
nickel  catalyst  at  100-150*  and  an  initial  fnessure  of  100-130  atm. 

The  3-hydroxybutyrlc  ester  was  dehydrated  by  the  method  of  distilling  its  acetyl  derivative  in  die  presence 
of  potassium  acetate.  When  the  obtained  ester  is  saponified  the  ttans -crotonic  acid  is  readily  obtained  in  crystalline 
form,  which  indicates  the  formation  of  the  trans -configuration  when  the  double  bond  is  created  by  the  method  of 
splitting  off  the  elements  of  acetic  acid. 

The  ethyl  ester  of  crotonic  acid  was  brominated  ivith  N-bromosucclmide  In  the  presence  of  benzoyl  peroxide 
[4]. 

The  condensatimi  of  methylheptenone  with  the  ethyl  ester  of  y  -bromocrooiic  acid  was  effected  with  the  aid 
of  zinc,  whidi  had  been  activated  by  treatment  with  concentrated  sulfuric  acid  (with  traces  of  nitric  acid)  and  then 
amalgamated;  here,  as  in  aU  of  the  other  cases  described  by  us,  the  amalgamation  of  the  zinc  not  oriy  accelerates 
the  Reformatsky  condensation  reaction,  but  it  also  facilitates  the  ddiydration  of  the  intermediate  l^droxy  esters.  The 
reaction  product  fails  to  dehydrate  under  the  influence  of  p-toluenesulfonic  acid  in  boiling  toluene,  but  does  suffer 
complete  dehydration  when  treated  with  phosphorus  oxychloride  in  the  presence  of  pyridine.  The  ester  (V),  isolated 
by  the  usual  methods  and  purified  by  distillation  in  vacuo,  was  obtained  in  a  yield  of  60 -65^0,  based  on  methyl¬ 
heptenone. 

The  dehydration  of  the  hydroxy  ester,  obtained  from  methylheptenone  by  its  cotdensatitax  wiffi  bromoacetic 
ester  via  the  Reformatsky  reaction  [51  is  described  in  die  literature.  When  dehydrated  with  j^ios^diorus  trlfrromide 
in  die  presence  of  pyridine,  or  when  the  acetyl  derivatives  were  subjected  to  slow  dstiUation.  die  products  obtained 
were  the  isomeric  compounds. 

The  dehydration  of  the  hydroxy  ester  (IV)  with  phosphorus  oxychloride  in  the  presence  of  pyridine  gave  us  die 
unsaturated  ester,  possessing  a  single  ultravkdet  absorption  maximum  at  275  w/i.  log  e  4.13  and,  consequently,  con¬ 
taining  only  one  system  of  two  conjugated  double  bonds,  associated  with  the  carboxyl  group.  Saponification  of  the 
ester  gave  the  acid  (VI),  which  widi  p-bromobenzylisothiuroaium  bromide  was  readily  com'erted  into  the  aystalllne 
derivative  with  m.p.  151-152*. 

The  addition  of  an  ether  solution  of  two  moles  of  methylUthium  [6]  to  an  ether  solution  of  the  acid  (VI)  re¬ 
sults  in  the  ftnmation  of  pseudoionoae  (VII).  The  yield  of  ketone  with  b.p.  91-92*  (0.2  mm)  is  80-85^o.  Psuedoionone 
also  has  only  one  ultraviolet  absorption  maximum  at  290  mp.  Consequently,  the  presence  of  a  double  bond  in  the 
part  of  the  molecule  formed  from  die  crotonic  ester  residue  determines  the  position  of  the  second  multiple  bond, 
arising  in  the  dehydration  of  die  hydroxy  compound. 

An  examination  of  the  infra-red  transmission  spectrum  of  the  synthetic  psuedoionone  and  its  comparison  with 
the  spectrum  of  the  compound  obtained  by  the  condensation  of  citral  with  acetone  reveals  a  complete  coincidence 
of  aU  of  the  characteristic  bands  [71  In  our  first  communication  [1]  it  was  noted  diat  a  certain  dlfferenoe  existed 
in  the  two  spectra,  which,  apparently,  \kas  due  to  traces  of  impurities. 

The  band  of  the  carbonyl  group  at  1675  cm"^  is  displaced  toward  the  longer  wave  lengths  under  the  influence 
of  being  associated  with  die  system  of  unsaturated  bonds.  The  presence  of  the  diene groupii^  is  noted  by  an  absorp¬ 
tion  band  at  1590  cm"*,  while  the  third  band  in  this  region  (1635  cm"*)  characterizes  the  grouping  C =€(015)2.  The 
spectrum  fails  to  show  any  indications  of  die  presence  of  stereoisomers  at  die  double  bonds. 


By  the  cyclizatiai  of  synthetic  psuedoionone  witii  concentrated  sulfuric  acid  under  known  conditions  we  were 
able  to  obtain  B  -ionone,  which  was  characterized  by  the  analysis  of  its  crystalline  semicarbazone. 


y  , y -Dimethylallyl  Bromide  (I) 

Isoprene  (50  g)  was  mixed  with  20  ml  of  ST^hydrobromic  acid  solution  in  glacial  acetic  acid  with  ice  cool¬ 
ing.  After  standing  for  two  days  in  the  cold,  the  solution  was  poured  into  1  liter  (rf  ice  water.  The  dark  Oil  was 
separated,  dried  over  calcium  chloride,  and  distilled  in  vacuo.  Colorless  liquid  with  b.p.  52-53.5*  at  60  mm. 

Yield  of  y  ,y  -dimethylallyl  bromide,  80  g  (73fl/o). 

2-Methyl-2 -hepten -6 -one  (Methylheptenone)  (II) 

Into  a  flask,  fitted  with  stirrer,  reflux  condenser  and  dropping  funnel,  was  charged  200  ml  of  anhydrous  ethyl 
alcohol.  9.2  g  of  metallic  sodium  was  introduced  in  portions,  and  after  cooling  there  was  added  52  g  of  acetoacetic 
ester.  The  reaction  mass  v/as  heated  up  to  the  boil  and  with  stirring  there  was  gradually  added  60  g  of  y  ,y  -di¬ 
methylallyl  bromide  over  a  period  of  30-40  minutes.  A  |xecipitate  of  sodium  bromide  was  obtained  in  measure 
with  the  addition.  The  mixture  was  cooled,  filtered.  120  ml  of  alcohol  was  distilled  off  in  vacuo.  250  ml  of  2  N 
sodium  hydroxide  solution  was  added  and  the  mixture  stirred  at  50-60*  foe  2  hours,  then  dilute  sulfuric  acid  was  added 
to  acid  reaction,  and  the  mixture  was  steam  distilled.  The  upper  layer  was  separated,  the  aqueous  layer  was  extrac  - 
ted  with  ether,  the  combined  extracts  washed  with  saturated  sodium  bicarbonate  solution,  and  then  dried  over  sodium 
sulfate.  After  removal  of  the  ether,  the  residue  was  distilled  in  vacuo.  Yield  29.5  g  (58*70). 

B.p.  61-62“  (12  mm),  ng  1.4408. 

Ethyl  y  -Bromocrotonate  (III) 

a)  Ediyl  fl  -hydroxybutyrate.  Into  a  rotated  autoclave,  electrically  heated  and  having  a  capacity  of  1  liter, 
was  charged  260  g  of  freshly  distilled  acetoacetic  ester,  14  g  of  skeletal  nickel  catalyst,  and  sufficiert  hydogen  to  give 
a  pressure  of  100-120  atm.  The  hydrogenation  was  run  at  100-150*  for  1-1.5  hours.  After  cooling,  the  catalyst  was 
fUtered  and  the  filtrate  was  distilled  in  vacuo.  B.p.  67-68*  (4  mm).  Yield  of  hydroxybutyrate.  220  g  (84*70). 

b)  Ethyl  crotonate.  The  0  -hydroxybutyric  ester  (132  g),  wifli  ice-water  cooling, .was  mixed  with  112  g  of 
acetic  anhydride  and  1  ml  of  sulfuric  acid,  the  acetic  acid  formed  in  the  reaction  was  removed  by  distillation  in 
vacuo.  22  g  of  anhydrous  potassium  acetate  was  added  to  the  residue,  and  the  mixture  distilled  at  atmospheric  pres¬ 
sure.  The  obtained  ester  was  washed  with  saturated  sodium  bicarbonate  solution,  dried  over  calcium  cMwide,  and 
the  crotonic  ester  distilled.  Yield  78-80  g  (68.5-7G*7o).  on  acetoacetic  ester  55-61*7o. 

B.p.  136-140*.  nB  1.4252. 

c)  Crotonic  acid.  A  mixture  of  6  g  of  die  crotonic  ester  and  60  ml  of  lO^o  potassium  hydroxide  solution  was 
heated  cn  boiling  water  until  the  oil  layer  disappeared  (40  -45  minutes).  After  cooling,  the  unsaponified  portion 
was  extracted  widi  ether,  most  of  the  water  was  distilled  off  in  vacuo,  the  residue  was  acidified  witii  10^  sulfuric 
acid,  and  the  crotonic  acid  was  extracted  with  ether.  The  ether  extract  was  dried  over  sodium  sulfate  After  dis¬ 
tilling  off  the  ether,  the  crotonic  acid  is  obtained  widi  m.p.  70-71*.  Yield  3.8-4.0  g  (85-90®7o). 

d)  BrominatiCTi  <rf  the  crotonic  ester.  The  ethyl  crotonate  (114  g)  was  dissolved  in  500  ml  of  dry  benzene, 
and  then  100  g  of  bromosucclmide  and  100  mg  of  freshly  precipitated  dibenzoyl  peroxide  were  added.  The  heating 
was  continued  until  a  negative  reaction  for  bromine  was  detained  vnth  starch  iodide  paper.  The  mixture  was  cooled, 
the  deposited  succimide  was  removed  by  filtration,  the  filtrate  wa^ed  with  a  saturated  aqueous  solution  of  sodium 
bicarbonate,  and  then  dried  over  sodium  sulfate.  After  distilling  off  the  benzene,  the  residue  was  distilled  in  vacuo 


at  10  mm  to  give  two  fractUms:  1st  fraction  60-65*.  22-25  g,  crotonic  ester;  2nd  fraction  111-113”,  85-90  g. 
bromocrotcnic  ester.  Yield,  56-59%. 

The  recovered  ethyl  crotonate  was  used  in  subsequent  l»omination  experiments. 

Ethyl  Ester  of  5,9 -Dimethyl-2,8 -dlen-5-ol -decanoic  Acid  (IV) 

Metiiylheptenone  (12.6  g)  (0.1  mole)  and  25.8  g  (0.13  mole)  of  ethyl  y  -bromocrotonate  were  dissolved  in  140 
ml  of  aidiydrous  benzene  and  the  obtained  solutimt  was  gradually  added  with  stirring  to  13  g  of  activated  zinc  catalyst, 
covered  with  dry  boiling  benzene.  The  reaction  began  after  several  miniies,  and  the  boiling  continued  due  to  the 
evolutUn  of  heat.  After  all  of  the  solutkm  had  been  added,  the  mixture  was  heated  for  another  40-45  minites,  then 
it  was  cooled  and  50  ml  of  10%  acetic  acid  solution  was  added.  The  benaene  layer  was  separated,  washed  with  a 
saturated  aqueous  solution  of  sodium  bicarbonate,  and  dried  over  sodium  sulfate.  From  the  obtained  benzene  solution 
the  benzene  was  distilled  off  in  vacio  down  to  a  volume  of  50  ml.  The  evaporated  sdutLon  was  used  for  the  dehydra¬ 
tion  reaction. 

Ethyl  Ester  of  5,9 -Dimethyl-2,4, 8-trlenedecanolc  Acid  (V) 

To  a  mixture,  heated  to  the  boil,  of  50  ml  of  benzene,  50  ml  of  pyridine  and  10  ml  of  phosfdiorus  oxychlor¬ 
ide  was  added  from  a  dropph^  funnel  with  stirring  50  ml  of  a  boizene  solution  of  the  hydoxy  ester.  Heating  was 
continued  for  45  minutes  after  completion  of  additimi,  the  mixture  was  cooled,  poured  on  ice,  the  benzene  layer 
separated,  wa^edwith  dilute  sulfuric  acid  and  water,  and  dried  over  sodium  sulfate;  After  removal  of  the  benzene, 
the  residue  was  distilled  in  vacua  Yield  of  ester  (V)  14.2  g  (63-64%  on  methylheptenone).  The  Tserevitinov  reac¬ 
tion  for  active  hydn^en  was  negative. 

B.p.  90-92*  (0.2  mm),  102-104*  (4  ram),  dp  0.93397.  nB  1.4952. 

Faind  %:  C  75.47:  H  10.25.  MRd  67.9.  Cj^HaOj  Calculated  %;  C  75.65*.  H  9.91.  MRd  67.105. 

Ef^nj  518  for  Xm^x  275  mp. 

5,  9 -Dimethyl -2,4,  8 -trlenedecanoic  Acid  (VI) 

A  mixture  of  13.8  g  of  die  ester  (V)  with  50  ml  of  10%  alctAolic  potassium  hydroxide  solution  was  heated  on 
the  water  badi  fa  2  hours.  The  mixture  was  poured  into  water,  the  unsaponified  portion  extracted  with  ether,  the 
water  layer  acidified  with  10%  sulfuric  acid  solution,  extracted  witii  ether,  and  the  etiier  extract  dried  over  sodium 
sulfate.  The  solvent  was  removed  to  give  the  feee  acid  as  a  mobile,  yellow  oil.  Yield,  9.7  -10.2  g  (81-85%). 

Bromobenzyliaothiuronium  salt  of  5,9-dimetfayl-2.4.8-trienedecanolc  acid.  To  a  solution  of  0.6  g  of  the  mid 
(VI)  in  5  ml  of  3.75%  aqueous  KOH  solution  with  heating  was  added  a  hot  solution  of  Ig  of  p-bromdienzylisothiuron- 
ium  bnnnide  in  5  ml  of  ethanol.  The  salt  precipitated  immediately  as  a  vdiite  deposit.  After  three  recrystalUza- 
tions  from  ethyl  alcrdiol,  m.p.  151.5-152*. 

Found  %:  N  6.52.  CjiHsrOjSNtBr.  Calculated  %  N  6.38. 

Psuedolonone  (VII) 

To  a  solution  of  9.2  g  of  the  acid  (VI)  in  100  ml  of  dry  ether  witii  stining  was  added  300  ml  of  an  ether  solu¬ 
tion  of  methyllithlum  (containing  3.2  g  of  metiiyllithlnm).  After  all  of  the  methylUtiiiumhad  been  added,  the  reac¬ 
tion  mixture  was  stirred  for  anotiier  30-40  minutes,  then  poured  into  water,  the  ether  layer  separated,  and  the  aque¬ 
ous  layer  extracted  with  etiier.  The  combined  ether  extracts  were  dried  over  sodium  sulfate.  The  psuedolonone  was 
obtained  as  a  li^t  ^yellow  oil  with  characteristic  odor. 

B.p.  91-92*  (0.2  mm),  1.5262,  log  €  4.4  at  Xmav  290  mp. 

Found  %;  C  81.05;  H  10.36.  Cj^IaO.  Calculated  %*.  81,25;  H  10.41. 

B -lonone  (Cyclizatlon  of  Synthetic  Psuedolonone) 

A  solution  of  5  g  of  synthetic  psuedolonone  in  20  ml  of  dry  ether  was  added  with  stirring  and  cooling  from 
—10*  to  —20*  to  20  ml  of  concentrated  sulfuric  acid.  The  reaction  mixture  was  poured  over  icq  the  etiier  layer 
separated,  tiie  aqueous  layer  extracted  with  ether,  tiie  ether  extracts  washed  with  a  saturated  aqueous  solution  of 
sodium  bicarbonate,  and  then  dried  over  sodium  sulfate.  The  ether  was  removed  and  the  residue  was  in 

vacuo.  6  -lonone  was  obtained  as  a  light  yellow  oil  with  b.p.  72-74*  (0.1  ram).  Yifeld,  3.2  g  (64%). 

The  setnicarbazone  of  B  -lomnte  was  obtained  in  the  usual  manner.  After  two  recrystallizations  from  anhydr¬ 
ous  alcohol,  m,p.  146  -147*.  Melting  point  of  the  B  -lonone  seraicarbazone  from  dtral  148-149",  The  mixed  m.p. 
was  147-148*. 


I 


2.130  mg  sub.:  0.323  ml  Nj  (22*.  738  mm).  Foind'^o;  N  17.04.  Ci4H2jON|.  Calculated  *5^.  N  16.85. 


SUMMARY 

1.  The  complete  synthesis  of  psuedoionone  was  realized,  starting  from  synthetic  methylheptenone.  The  psuedo 
ionone  obtained  in  this  manner  was  identified  by  its  ultraviolet  and  infra-red  abs(»ption  spectra  and  by  conversion 
into  6  -ionone. 

2.  In  the  course  of  the  work,  the  following  compounds  were  obtained  and  characterized  for  the  first  time; 
the  ethyl  ester  of  5,9-dimethyl-2.4,8-trienedecanoic  acid  and  5,9 -dimethyl -2,4, 8-trienedecanoic  acid. 
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STUDY  OF  THE  CONDITIONS  FOR  THE  FORMYLATION  OF  ACYLAMINO  ACIDS 


T.  A.  Favorskaya,  I.  L.  Anisimova  and  S.  A.  Sheinberg 


The  formylation  of  N-acylated  glycine  esters  with  ethyl  formate  in  the  presence  of  sodium  ethylate  is  one  of 
the  convenient  methods  fca:  the  synthesis  of  penaldic  acids  and  acquires  great  interest  at  the  present  time  in  connec¬ 
tion  witfi  the  problem  of  synthesizing  penicillin.  However,  despite  the  seeming  simplicity  of  this  reaction,  much 
labor  was  required  in  order  to  establish  the  conditiwis,  permitting  the  undeniable  procurement  of  the  desired  C- 
fcM-myl  derivative,  and  to  study  the  other  directions  in  which  this  reaction  can  proceed 

This  reaction  was  first  used  by  Erlenmeyer,  Jr.  £l]  in  1904  for  the  synthesis  of  ethyl  a -framylhippurate.  Erlen- 
meyer  was  unable  to  isolate  this  substance  in  crystalline  form;  it  was  obtained  as  an  oil,  being  a  mixture  of  the  keto 
and  enol  forms.  The  crystalline  keto  form  of  the  formylhippurate  was  obtained  by  A.  S.  Elina  and  O.  Yu.  Magidson 
[2]  with  a  m.p.  of  57-58*.  Erlenmeyer,  as  well  as  Elina  and  Magidson  [3],  indicate  that  they  had  run  numerous  farmy- 
lation  experiments  before  they  were  successful  in  obtaining  good  yields  of  the  desired  products.  In  addition,  it  should 
be  mentioned  that  even  strict  adherence  to  the  reaction  conditions  recommended  by  Erlenmeyer  fails  at  times  to 
give  the  desired  results;  instead  of  the  formylhippuric  ester  the  free  hippuric  acid  is  obtained. 

The  reaction  conditions  used  for  the  condensation  process,  the  solvent,  temperature,  contact  time,  condensa¬ 
tion  agent  (Na,  sodium  ediylate),  the  method  used  for  decomposing  the  sodium  derivative,  all  of  these  strongly  in¬ 
fluence  the  direction  in  which  the  reaction  proceeds.  Elina  and  Magidson  [3]  developed  the  optimum  reaction  con¬ 
ditions  for  die  formatiixi  of  the  a-formylphenaceturic  ester,  but  in  this  case  the  yield  of  desired  compound  was  only 
45.4*70,  for,  in  addition  to  the  condensation  reaction,  the  ester  of  j^enylacetic  acid  was  formed  due  to  the  cleavage 
of  the  phenaceturic  ester  molecule  and  esterification  of  the  resulting  acid.  They  obtained  the  ester  of  phenylacetic 
acid  in  a  yield  of  about  3(Y7o. 

We  used  the  condldons  of  Elina  and  Magidson  for  the  syndiesis  of  die  ester  of  a  -formyldiphenaceturic  acid. 

This  ester  was  obtained  by  us  as  an  oil,  being  a  mixture  of  the  keto  and  enol  forms.  In  addition  tothe  oil,  die  ori¬ 
ginal  diphenaceturic  ester  was  recovered.  The  yield  of  formyl  derivative  was  53f?i>.  based  on  the  phenaceturic  ester 
taken  for  reaction,  and  93f7o,  based  on  the  reacted  ester.  Cleavage  of  die  diphenacemrlc  ester  molecule  failed  to 
occur. 

The  ester  of  a -formyldl^enaceturic  acid  (II)  is  the  ester  of  the  penaldic  acid,  having  one  phenyl  group  more 
than  the  ester  of  the  penaldic  acid  from  penicillin  G. 


^CH-CO  -NH-CH,-COOCj^5 


HCOOC^H, 

NaCX:,Hs 


a) 


CH  -CO-NH  -CH  -COOCjHj, 


ai) 


'\ 


The  diphenaceturic  ester  (I)  needed  for  the  synthesis  of  the  above  compound  was  obtained  by  is  by  the  conden¬ 
sation  of  ^ycine ester  hydrochloride  with  die  acid  chloride  of  dlphenylacetic  acid  via  a  slight  modification  of  the 
Franzen  method  [4]*,  the  diphenylacetyl  chloride  was  obtained  by  heating  dlphenylacetic  acid  widi  thionyl  chloride 
via  die  Staudinger  method  [51  The  ester  (H)  readily  gave  the  2,4-dinitroidienylhydrazone  with  m.p.  188-189*  and 
the  semlcarbazone  with  m.p.  133-134*.  When  treated  with  FeCl|  solution,  die  ester  (11)  gives  an  intense  coloration 
whidi  indicates  the  presence  of  an  enol  grouping  in  the  oil. 


In  addition  to  the  above,  die  structure  of  the  ester  (U)  was  demonstrated  by  the  method  developed  by  Erlen¬ 
meyer  [1]  and  used  by  Elina  and  Magidson  [3];  the  ftamyl  group  of  the  ester  was  reduced  with  aluminum  amalgam 
to  the  primary  alcohol  group.  The  thus  obtained  ester  of  N -diphenacetylserlne  was  subjected  to  hydrolytic  cleavage 
by  boiling  with  dilute  (1:15)  sulfuric  acid.  Under  diese  conditions  the  ester  of  benzoylserine  is  completely  decom¬ 
posed  into  benzoic  acid  and  serine,  while  the  ester  of  N-j^enacetylserine  is  decomposed  into  serine  and  phenylace¬ 
tic  acid.  In  our  case,  it  proved  necessary  to  use  somewhat  more  drastic  conditions,  for  on  heating  with  HjSQi  (1:15) 
for  8  hours,  die  ester  failed  to  undergo  cleavage.  After  heating  with  H2SQ4  (1:10)  for  4  hours,  the  dij^enylacetlc 


acid  was  isolated  in  quantitative  yield,  but  we  were  unable  to  isolate  the  serine,  since  it  resintfied  under  these  con¬ 
ditions. 


(n) 


CfH* 


CH  -CO  -NH  -CH  -COOCjH, 

! 

GHjOH 


HtO. 


C,H6 


CH-COOH  +  H,N-CH-COOH. 

1 

GHjOH 


Different  conditiboas  can  be  used  for  the  condensation  of  esters  in  the  presence  of  sodium  alcoholate;  thus, 
fOT  example,  Rabe  with  coworkers  [6,  7]  ran  the  condensation  by  heating  the  mixture  of  esters  with  dry  sodium  etiiyl- 
ate  in  the  absence  <rf  solvent  at  80“ .  We  modified  this  method  somewhat  and  tan  die  condensation  of  the  diphen- 
aceturic  *nd  formic  esters  in  the  presence  of  sodium  alcoholate  in  anhydrous  alcohol  medium  widi  heating  up  to 
60  -80",  In  tills  case,  the  reaction  jaoceeded  in  three  directions:  an  oily  substance  was  obtained,  identical  with  the 
above  described  a -formyldiphenaceturic  ester,  and  a  crystalline  substance  with  m.p.  156-157",  proving  tobeN- 
formyldiphenaceturic  acid.  Yield, 

This  substance  fails  to  give  a  coloration  witii  FeClj  solution,  fails  to  form  carbonyl  derivatiies,  fails  to  give 
a  silver  mirror  when  treated  with  an  ammoniacal  silver  oxide  solution,  is  not  reduced  by  alumimin  amalgam  to 
)iield  serine  derivatives  but  it  does  form  a  silver  salt,  the  analysis  of  which  corresponds  to  tiie  indicated  formula. 

In  contrast  to  the  penaldic  acids,  this  acid  fails  to  suffer  decarboxylation  when  heated. 


The  third  direction  of  the  reactUm  is  the  cleavage  of  the  dlphenaceturlc  ester  and  esterificatian  of  the  resul¬ 
ting  diphenylacetic  acid.  Yield,  40*54).  Still  another  circumstance  should  be  mentioned:  whereas  in  the  cold  in 
ether  solution,  the  C -formyl  derivative  of  the  ester  is  obtained,  on  heatii^,  the  N -formyl  derivative  of  the  free  acid 
is  obtained. 


(I) 


HCOOC^H, 

NaCXVls 


(U)  + 


C«H5 


CH  -CO-N-CH,  -COOH  + 


■\. 


^CH-COOCjHj. 


As  a  result,  having  shown  that  depending  (Xi  the  temperature  regime  for  the  condensation  reaction,  it  is  poss¬ 
ible  to  obtain  eidier  the  C-  or  N-fcamyl  derivatives,  we  decided  to  verify  this  on  a  simpler  example  —  the  ester  of 
hippuric  acid,  and  to  study  this  capricious  reaction  in  geater  detail.  When  the  condensation  reaction  was  run  in 
the  cold,  under  tiie  conditions  of  Erlenmeyer  and  of  Elin-a  and  Magidson,  we  obtained  an  oUy  substance  —  a  mixture 
of  tile  enol  and  keto  forms  of  the  a -formylhippuric  ester,  in  a  yield  of  88.5^o.  The  oil  gives  an  intense  coloratimi 
with  FeCl|  solution,  gives  a  silver  mirror  with  ammoniacal  silver  oxide  solution,  the  2.4-dinltrophenylhydrazone 
(m.p.  178-179"),  and  the  semicarbazone  (m.p.  164-165").  Reduction  of  the  oil  ga\B  N-benzoylserine  (m.p.  80"). 

We  ran  the  reaction  several  times  under  the  indicated  conditions,  but  the  desired  result  was  not  always  ditained: 
one  time  the  original  hippuric  ester  was  recovered,  another  time  we  Obtained  hippuric  acid. 

Having  run  the  reaction  with  heathy  up  to  60-80*  under  the  above  indicated  conditions,  we  calculated  on  ob¬ 
taining  the  N-form^hippuric  ester;  however,  the  reaction  proceeded  in  a  different  manner:  from  the  reaction  pro¬ 
ducts  we  isolated  etiiyl  benzoate,  benzoic  acid  and  a  crystalline  product,  tiie  latter  as  glistening  golden-yellow  leaf¬ 
lets  with  m.p.  204-205*  (from  alct^ol).  This  product  gave  an  add  reaction  to  litmus  and  could  be  titrated  v^th 
alkali;  it  gave  an  intense  coloration  wltii  FeQs  solution,  and  contained  the  aldehyde  group  (formation  of  silver 
mirror),  which,  however,  failed  to  give  derivatives  with  2,4-dinittophenylhydrazine  and  semicar bazids;  the  test  for 
plmary  amino  group  was  also  negative.  The  presence  in  the  reaction  products  of  eth)4  benzoate  and  benzoic  acid, 
and  tiie  hi^  nitrogen  content  of  the  obtained  crystalline  product,  made  it  possible  to  assume  that  both  N-  and  C- 
farmylhippuric  esters  had  been  formed  in  tiie  reaction,  which  esters  underwent  cleavage  with  the  form^lon  of  benzoic 
add  and  the  esters  of  N-  and  C -formylglycine;  tiie  latter  condensed  with  each  other  imder  tiie  reaction  conditions 
to  yield  the  ester  of  N,C-diformylglycylglycine  (El); 

NH  -CH,-CO-NH-CH-COCXVI| 

\  O  m  Lo 

N. 

The  molecular  weight  and  nitrogen  content  corresponded  exactly  to  this  formula;  however,  the  negative  re¬ 
sults  ditained  when  we  attempted  to  determine  tiie  amount  of  etiioxyl  group  caused  us  to  assign  to  tills  substance 


a  different  formula  with  the  same  molecular  weight  and  nitrogen  content,  but  containing  a  free  carboxyl  group  — 
the  formula  1,2,4-rtriformylglycylglycine  (IV  and  IVa>, 


NH CH CO  -N CH,  -COOH 


NH 


-C -CO-N- CH,-COOH 

O 

HCOH 

H 


(IV) 


(Wa) 


The  coloration  with  FeClj  solution  and  the  formation  of  a  silver  mirror  indicate  the  presence  of  theC-formyl 
group,  in  which  connection  this  group  cannot  exist  at  the  a  -carbon  atom,  since  the  obtained  compound  fails  to  suffer 
decarbaxylatian  when  heated.  The  aldehyde  groups,  found  at  the  nitrogen  atoms,  do  not  form  carbonyl  derivatives, 
as  had  been  seen  cm  the  exanqjle  of  N-formyldiphenaceturic  acid.  In  the  given  case  the  C  -formyl  group  also  failed 
to  react  with  2.4-dinitrophenylhydra2:ine  and  semicarbazide,  possibly  because  of  its  being  screened  by  the  N -formyl 
groups.  The  formula  proposed  by  us  cannot  be  considered  as  being  strictly  proved,  but  it  is  in^osslble  to  assign  any 
other  formula,  satisfying  the  chemical  properties  of  the  obtained  substance  and  the  results  of  the  analytical  study. 

As  a  result,  we  were  unable  to  obtain  flie  expected  N -formylhippuric  acid  under  the  conditions  of  condensing  the 
h^puric  ester  wlA  the  formic  ester  in  the  presence  of  sodium  ethylate  and  with  heating  up  to  60-80*.  We  obtained 
this  acid  in  a  different  manner:  first  we  obtained  the  sodium  derivative  of  the  hippuric  ester  by  treating  this  ester 
with  metallic  sodium  in  boiling  benzene  medium,  after  which  the  ethyl  formate  was  added  to  the  reaction  mixture. 
After  decomposition  of  the  sodium  derivative  there  was  obtained  4  g  (20‘)'o)  of  crystalline  product,  giving  an  add 
reaction  to  litmus,  and  failing  to  give  derivatives  with  2,4 -dinitrophenylhydrazine  and  semicarbazide.  When 
heated,  this  product  fails  to  imdergo  decarboxylation;  on  the  basis  of  die  indicated  properties  and  analytical  results 
it  should  be  assigned  the  formula  of  N -formylhippuric  acid  (V>, 


-CO  -N  -CHt  -COOH 


\ 


H 


(V) 

The  amount  of  obtained  acid  was  insufficient  for  making  a  more  detailed  study,  but  in  the  numerous  attempts 
made  to  repeat  its  preparation  we  failed  to  ditain  more  of  the  paoduct  under  the  above  described  conditians:  either 
the  molecule  suffered  cleavage  with  the  formation  of  ethyl  benzoate  and  benzoic  acid  and  resinlfication  of  the 
second  half  of  the  molecule,  or  hippuric  acid  was  obtained,  or  the  unchanged  hippuric  ester  was  recovered.  All  of 
these  unsuccessful  attempts,  the  same  as  those  described  above,  demonstrate  once  more  that  no  matter  what  condi¬ 
tions  are  used  for  the  ctmdensation  of  the  hippuric  ester  with  ethyl  formate,  the  ccadensaticoi  proves  to  be  extremely 
capricious:  slight  uncontroUdile  changes  in  the  conditions  are  sufficient  to  interfere  with  the  detaining  of  repaoduc- 
ible  results.  Inasmuch  as  all  of  the  N -formyl  derivatives  obtained  by  us  had  not  been  detained  earlier  by  anybody 
else,  and  since  nothing  is  said  in  the  literature  about  die  inability  of  known  N -formyl  derivatives  to  form  carbonyl 
derivatives,  we  decided  to  synthesize  a  known  N -formyl  derivative  —  N-formylglycine,  obtained  by  Fischer  and 
Warburg  [8],  and  comp>are  its  propierties  with  the  properties  of  our  compxiunds.  These  properties  coincided  exactly: 
N-formylglycine  faUs  to  give  carbonyl  derivatives,  fails  to  give  a  coloration  when  treated  \Wlth  FeClj  solution,  and 
falls  to  form  a  silver  mirror. 


EXPERIMENTAL 

Glycine  ester  hydrochloride  was  obtained  by  the  mediod  of  Marvel  [91  ethyl  formate  by  the  method  of  Young 
and  Thomas  [10],  benzoin,  benzilic  and  diphenylacetic  acids  by  the  methods  described  in  [111  The  use  of  p)hos- 
phorus  tri-  and  p>entachlorides  in  the  preparation  of  diphenylacetyl  chloride  failed  to  give  good  results,  while  the 
use  of  thionyl  chloride,  according  to  Staudinger  [5],  gave  the  acid  chloride  in  a  yield  of  9ff^o. 

Condensation  of  glycine  ester  hydrochloride  with  diphenylacetyl  chloride.  To  17  g  of  dijAienylacetyl  chloride 
and  10.5  g  of  glycine  ester  hydrochloride,  dissolved  in  200  ml  of  dry  benzene,  was  added  10  g  of  Ay  soda.  The  mix¬ 
ture  was  stirred  and  heated  on  die  water  bath  until  the  evolution  of  HCl  gas  had  ceased,  after  which  it  was  allowed 
to  stand  ovemigjit.  The  diphenylaceturlc  ester  precipitates  as  white,  silky  needle  crystals  with  m,p.  llSf-llS*  (from 
alcohol).  Yield,  16.5  g  (78<7o). 

0.0941  g  sub.:  3.9  ml  Nj  (16*,  747  mm).  0.1521  g  sub.:  14.11  g  benzene:  At  0.187*.  Found  N  4.74. 

M295.  CjaHttO^.  Calculated  <7o:  N  4.71.  M  297. 


I 

ftepcAtlon  of  the  ethyl  ester  of  a-formyldi|^enaceturlc  acid.  To  1.3  g  of  divided  metallic  sodium  in  40  ml 
of  anhydrous  ether  was  gradually  added  4  ml  of  anhydrous  alcohol,  and  the  mixture  was  boiled  until  all  of  the  sodium 
had  reacted.  After  cooling,  5  ml  of  etiiyl  formate  was  gradually  added  and  with  stirring  (by  hand)  15.5  g  of  the  di- 
phenaceturic  ester.  After  standing  for  J.0  days  in  a  tl^tly  stoppered  flask  the  reaction  mixture,  slightly  colored  and 
viscous,  was  decomposed  witfi  ice  water  and  repeatedly  extracted  with  ether.  From  tie  ether  solution  was  isolated 
7  g  of  unreacted  diphenaceturic  ester.  The  aqueous  layer  was  acidified  with  dilute  sulfuric  acid  (1;15)  and  then  ex¬ 
tracted  with  ether.  Afta:  drying  over  sodium  sulfate  and  distilling  off  the  ether  an  oily  residue  was  obtained  which 
failed  to  crystallize,  and  which  proved  to  be  a  mixture  of  the  keto  and  enol  forms  of  the  ethyl  ester  of  a-formyldi- 
phenaceniric  acid.  Yield  9  g.  The  2,4-dinltrophenylhydrazone  melts  at  188-189”  (from  alcohol). 

0.1016  g  sub.;  11.9  ml  Nj  (18”,  7  76  mm).  Found  N  13.93.  CjjHaOjNj.  Calculated  ‘/o;  N  13.86. 

Reduction  of  die  ethyl  ester  of  a  -formyldiphenaceturic  acid.  The  aluminum  amalgam  was  prepared  by  te 
method  of  Wislicenus  and  Kauffmann  [12],  only  instead  of  aluminum  turnings  we  used  short  pieces  of  heavy  aluminum 
wire.  To  5  g  of  a -formyldiphenaceturic  ester,  dissolved  in  150  ml  of  moist  etlier,  was  added  15  g  of  aluminum  amal¬ 
gam,  and  the  vigorous  evolution  of  hydrogen  was  observed.  From  time  to  time  several  drops  of  water  were  added. 

The  reaction  was  completed  after  3  days,  which  was  established  by  the  absence  of  coloration  with  FeCl}  solution  when 
a  sample  from  tiie  reaction  mixture  was  tested.  The  ether  solution  was  filtered  from  the  slime,  which  was  extracted 
several  times  with  ether.  After  drying  over  sotfium  sulfate  and  distilling  off  the  ether  an  oUy  substance  was  obtained, 
which  crystallized  on  standing  yield  2.2  g  (44*^).  The  substance  is  poorly  soluble  in  ether  and  petroleum  etiter,  aid 
more  readily  soluble  in  alcohol  and  benzene.  Hie  ethyl  ester  of  N-diphenylacetylserine  crystallizes  as  colorless 
needle  crystals  with  m.p.  99-100*  (from  benzene). 

21.18  mg  sub.;  0.847  ml  Nj  (24*.  763  mm).  0.1042  g  sub.:  26.2  g  benzene;  At  0.06*.  0.0398  g  sub.; 

26.4  ml  CHj  (16”  761.6  mm).  Found  N  4.42;  M  333;  OH  number  0.90.  CbHjiO^N.  Calculated  % 

N  4.28;  M  327;  QH  number  1. 

Cleavage  of  the  ediyl  ester  of  N-dlphenacetylserine.  When.after  boiling  2  g  of  the  ethyl  ester  of  N  -diphen- 
acetylserine  with  80  g  of  H2SO4  (1;15)  for  8  hours,  the  presence  of  diphenylacetic  acid  in  the  reaction  mixture  could 
not  be  detected,  we  increased  the  acid  ctmcentration  to  1:10.  After  boiling  with  this  strength  of  acid  for  4  hours, 
the  reaction  solution  was  cooled  and  the  separated  dij^nylacetic  acid  was  filtered.  The  filtrate  was  extracted  with 
edier.  The  yield  of  diphenylacetic  acid  was  1.29  g  (90*^).  For  neutralization  of  the  sulfuric  acid  the  calculated 
amount  of  BaCO|  was  added  to  die  filtrate.  After  evapmation  in  vacuo  a  tarry  residue  was  detained  instead  of  the 
serine  derivative. 

Condensation  of  die  diphenaceturic  ester  with  ethyl  formate  in  anhydrous  alcohol  in  the  presence  of  sodium 
ediylate  with  heating  to  60-80*.  To  the  sodium  ethylate,  prepared  from  2.8  g  of  metallic  sodium  and  30  ml  of 
anhydrous  alcohol,  was  gradually  added  11  ml  of  ediyl  formate  in  which  connection  noticeable  heating  up  of  the 
reaction  mixture  was  observed.  The  mixture  was  allovrod  to  stand  for  2  hours,  then  to  it  was  added  16.8  g  of  the  di¬ 
phenaceturic  ester  and  the  mixture  was  heated  at  60  -80*  for  2  hours.  Gradually,  the  mixture  turned  into  a  diick, 
dark  mass,  which  was  allowed  to  stand  overnight,  and  then  decomposed  with  ice  water;  on  doing  this,  the  ester  of 
diphenylacetic  acid  separated  out  in  an  amount  of  5.2  g  (40^),  m.p.  57  -58*  (from  alcdiol). 

Literature  data  [14];  m.p.  58*. 

The  saponification  of  this  ester  with  an  alcoholic  NaGH  solution  gave  diphenylacetic  acid  with  m.p.  144- 
145*.  The  mixed  melt  Ing  poim  with  known  diphenylacetic  acid  failed  to  show  a  depression. 

The  aqueous  solution  was  acidified  with  dilute  sulfuric  acid  and  die  separated  oil  was  extracted  with  ether. 

After  drying  over  sodium  sulfate  and  distilling  off  most  of  the  ether  the  oil  began  to  crystallize.  There  was  obtained 
4.8  g  (30*^)  of  crystalline  product,  difficultly  soluble  in  ether,  benzene,  water  and  petroleum  ether,  and  readily 
soluble  in  alcohoL  After  several  recrystallizations  from  aqueous  alcoho.  the  product  was  obtained  as  white,  needle 
crystals  with  m.p.  156-157*. 

0.0812  g  sub.;  2.75  ml  NaOT  (T  0.0077508).  23.28  mg  sub.;  0.995  ml  (18*.  760.8  mm).  Found;  equlv. 

304;  °h  N  4.84.  CjyHjgQiN.  Calculated;  equiv.  297;  ^  N  4.71. 

To  a  small  amount  of  the  acid  with  m.p.  156 -C7**  dissolved  in  alcohol  and  titrated  with  alkali,  was  added  a 
concentrated  solution  of  the  calculated  amoum  of  AgMOy.  The  white  flocculem  silver  salt  obtained  in  diis  manner 
was  filtered,  washed  widi  water,  and  dried  in  a  desiccator. 


0.0420  g  sub.;  0.0114  g  Ag.  Found  ‘^o;  Ag  27.01.  CjjHj^QjNAg.  Calculated  ^lai,  Ag  26.66. 


Preparation  of  ethyl  hlppurate.  We  obtained  this  ester  by  the  method  of  Frareen  [4]  In  a  yield  of  87®^  but  a 
purer  product  and  with  a  better  yield  (90^o)  was  obtained  by  us  under  the  conditions  of  condensing  glycine  ester  hydro¬ 
chloride  with  ethyl  chlotocarbonate  as  described  by  Fischer  and  Otto  [13], 

Condensation  of  ethyl  hlppurate  with  ethyl  formate  In  thepresence  of  sodium  e&ylate  with  heating  to  60-80*. 

To  the  sodium  ediylate.  prepared  hrom  4  g  of  divided  sodium  and  30  ml  of  anhydrous  alcohol  was  adtfed  13  ml  of 
ethyl  formate*  the  resulting  mixture  that  had  become  warm  was  allowed  to  stand  for  2  hours,  then  17.4  g  of  the 
hippuric  ester  was  added,  and  the  mixture  was  heated  to  boiling  for  2  hours.  The  resulting  \iscous  dark  yellow  mass 
was  allowed  to  stand  overnight,  after  which  it  was  decomposed  with  ice  water.  The  obtained  solutlrrc  was  extracted 
with  ether  and  the  extracts  were  dried  over  sodium  sulfate.  After  distilling  off  the  edier  there  was  dlstLUed  several 
(tops  of  liquid  with  b.p.  210-212f*  (n^  1.4987)and  possessing  the  characteristic  odor  of  ethyl  benzoate. 

Literature  data  [15]:  b.p.  212.9*,  nfj  1.5057. 

The  acidification  of  the  aqueous  solution  with  dilute  sulfuric  acid  gave  a  precipitate,  which  after  recrystalllza- 
tion  from  aqueous  alcohol  was  obtained  as  glistening  yellow  scales  and  melted  at  204-205*.  Yield  1.3  g.  The  pro¬ 
duct  Is  readily  soluble  in  alct^ol  and  dioxane,  very  poorly  soluble  In  ether  and  benzene,  gives  a  dark  green  erdyora- 
tion  with  FeCly  solution,  gives  a  positive  reaction  for  nitrogen  according  to  Lassen,  forms  a  silver  minor  and  shows 
an  acid  reaction  to  Utmus;  It  fails  to  give  a  precipitate  wldi  2.4-dinltcophenyIhydrazlne.  From  the  water  alcohol 
solution  obtained  after  removal  of  die  crystalline  product  there  was  Isolated  benzoic  acid  by  steam  distlllatiop. 
which  acid  after  the  distillation  had  m.p.  120*. 

5.88  mg  sub.:  0.685  ml  Nj  (23*,  760  mm).  0.0902  g  sub.*.  4.3  ml  NaOH  (T  0.003875).  0.0567  g  sub.: 

17.2  g  dioxane:  At  0.075*.  Found  N  12.89:  equiv.  216:  M  211.  C^HgO^.  Calculated  %  N  12.96: 

equlv.  216:  Mr216. 

Condensation  of  eth^  h^spurate  wltii  ethyl  formate  In  the  presence  of  metallic  sodium.  To  a  boiling  benzene 
solution  of  20  g  of  ethyl  hlppurate  was  gradually  added  with  stiLoring  2.3  g  of  metallic  sodium  In  the  form  of  thin 
ribbon.  When  all  of  the  sodium  had  reacted,  to  the  reaction  mixture  was  added  8.7  g  of  ethyl  formate.  After  several 
minutes  the  flask  contents  turned  into  a  thick  brown  mass.  After  standing  overnight  the  obtained  product,  falling  to 
dissolve  in  water,  was  dissolved  in  alcdiol  with  heathy.  The  acidification  of  this  solution  give  a  white  crystalline 
precipitate,  which  was  recrystallized  from  5070  alcohol.  m,p.  135-136*.  The  yield  erf  pure  produtt  was  4  g  (207o). 

The  obtained  product  gave  an  acid  reaction  to  Utmus.  failed  to  be  decarboxylated  when  heated,  and  fliiled  to  give 
derivatives  with  2,4-dinitroi^nylhydiaztne  and  semicarbazide. 

0/.1424  g  sub.:  9,1  ml  (17*.  734.6  mm).  0.0630  g  sub,:  7.10  g  benzene:  At  0.232*.  Found  ‘fe  N  7.12: 

M  194.  C^jHiOiN.  Calculated  <7o:  N  6.76:  M  207. 

SUMMARY 

1.  The  condensation  of  diphenylacetyl  chloride  with  glycine  ester  hydochloride  gave  the  diphenaceturlc 

ester. 

2.  The  formylation  of  the  diphenaceturlc  ester  in  die  presence  of  sodium  ediylate  was  studied  ht  rfie  cold 
and  with  heating. 

3.  It  was  shown  diat  when  the  formylation  reaction  is  run  in  anhydrous  ether  In  the  cold,  the  a-fcrmyldl- 
{dienacetutic  ester  is  obtained  in  excellent  yield. 

4.  The  reduction  of  the  a-fonnyldlphenaceturlc  ester  gave  tiie  ethyl  ester  of  diphatacetylserlne. 

5.  It  was  rfiown  rfiat  on  heating  the  diphenaceturlc  and  fccmic  esters  in  anhydrous  alcohol  medium  in  the  pre  - 
sence  of  sodium  alcoholate,  in  addition  to  the  a-formyldip^enaceturic  ester,  rfiere  are  formed  the  N-formyldiphen- 
aceturic  acid  and  the  ethyl  ester  of  diphenylacetic  acid. 

6.  The  formylation  of  erfiyl  hlppurate  in  the  presence  of  sodium  ethylate,  and  in  the  presence  of  metallic 
sodium,  was  studied. 

7.  It  was  rfiown  diat  on  heating  the  hippuric  and  formic  esters  in  anhydrous  alcdibl  medium  in  the  presence 
of  sodium  erfiylate  there  Is  Obtained  a  crystalline  product,  being,  in  all  probability,  1,2,4 -trlformylglycylglycJne. 

8.  The  candensatlon  of  die  hippuric  and  formic  esters  in  boiling  benzene  in  the  presence  of  metallic  sodium 
gave  N'formylhlppuric  acicL 


■I 


9.  Oa  the  example  of  the  obtained  N-formyl  derivatives  were  studied  the  properties  of  the  aldehyde  ffoup, 
found  at  the  nitrogen  atoms  in  the  molecules  of  these  compounds. 
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THE  MOBILITY  OF  THE  DIETHYLAMINO  GROUP 


m.  SYNTHESIS  OF  8-(AMINOBENZYL)AMINOQUINOLINES 
V.  I.  Stavtovskaya  and  M.  O.  Kolosova 


Earlier  CMie  of  us  made  a  communication  on  die  method  used  for  the  preparation  of  aryl-  and  quinolyl-8-amino- 
quinolines  [1].  In  an  attempt  to  expand  this  method  to  certain  odier  arylamines  we  set  outselves  die  task  of  obtaining 
compounds  of  type  (I)  (where  R  =  H.  OCHs)  for  the  purpose  of  elucidating  thdr  antimalarial  activity. 


For  this  purpose,  we  used  the  same  syndiesis  medtod.  Le..  we  heated  the  mixture  of  free  8-amlnoquinoline  oe  its 
6-methoxy  derivative  wldi  the  monohydrochloride  of  m-aminobenzyldiethylamJne  in  a  sealed  tube  for  18  hours  at  170- 
175*.  From  the  reaction  mass  were  isolated  unreacted  6-inethoxy-8-aminoquinoline  and  m-aminobenz)ldiet]iylaniine, 
and  also  the  condensation  product,  capable  of  being  distilled  in  vacuo,  vdiidi  was  characterized  as  die  picrate.  How¬ 
ever.  the  analyses  of  both  the  base  and  of  the  picrate  failed  to  correspond  to  the  above  depicted  structure  of  the  sub¬ 
stance  as  being  an  aryl  derivative  of  8 -aminoqulnoline. 

In  the  experiment  with  8 -aminoqulnoline  (I.  Rs  H)  die  meldi^  point  of  the  picrate  failed  to  coincide  with 
the  melting  point  of  the  picrate  from  8 -(S'  -diediylanilnomethylphenyl)aminoquinoline.  previously  cditained  by  us  by 
anodier  method  [1].  On  the  assumption  that  the  compound  3,3’-bis-diethylaminomediyldi{4ienylamine  (II)  could 
have  been  formed  in  our  reaction,  we  attempted  to  synthesize  it  separately  by  the  method  of  heating  a  mixture  of 

( CzHs)zN-CHi'^  CH2-N(CaHs)i 


the  base  with  the  dihydrochloride  of  m-aminobenzyidiethylamine  in  a  sealed  tube.  It  should  be  mentioned  that  when 
the  liquid  base  was  mixed  with  the  solid  dihydrochloride  a  sticky  mass  was  obtained,  which  widi  more  assiduous  rib¬ 
bing  solidified  with  unexpected  rapidity.  The  nitrogen  analyses  for  the  thus-obtained  reaction  product  also  failed  to 
correspond  to  the  structure  of  3.3'  -bls-diediylamiiUHiiethyldii^enylamlne.  In  addition,  diis  substance  coild  be  di- 
azotized  and  coupled  with  3  -naphthol. 

It  was  postulated  by  us  that  the  reaction  between  the  two  amines  fails  to  proceed  at  the  expense  of  the  amino 
group  wldi  the  separation  of  ammonium  chloride,  but  instead  that  it  proceeds  with  the  cleavage  of  diethylamine 
l^ndrochloride  at  the  expense  of  die  amino  and  diethylamino  groips.  As  a  result  there  diould  be  obtained  6-mediaxy- 
8-(3’-aminobenzyl)amInoqulnoline  (HI)  and  N-<3’-aniindjenzyl)-3-diethylaminomethylanlllne  (IV). 

The  nitrogen  analyses  corresponded  to  such  a  structure  for  the  products^  also  understandable  became  their  abil¬ 
ity  to  be  dlazotized.  and  also  the  strong  odor  of  diethylamine  that  developed  when  the  product  was  alkalized  sfter 
the  reaction. 


To  confirm  the  above  postulation  we  synthesized  N-(3’-aminobenzyl)-3-3diethylanunometliylaiiline  by  another 
method,  namely,  from  m-nitrobenzyl  chloride  and  m-aminobenzyldiethylamine  with  subsequent  reduction  of  the 
nitro  group.  The  obtained  base,  as  well  as  its  hydrochloride,  possessed  the  same  properties  as  tlie  one  synthesized  ear¬ 
lier.  The  mixed  melting  point  of  the  hydrochlorides  failed  to  show  a  depression. 

As  a  result,  the  synthesized  quinoline  derivatives  should  be  assigned  the  stritcture  of  8-(aminobenzyl)amino- 
quinolines,  instead  of  the  expected  8-phenylaminoquinollnes. 

It  appears  to  us  that  such  a  reaction  course  Is  due  to  the  fact  that  in  m-aminobenzyldietiiylamine  we  have  two 
amino  groups,  differing  in  their  basicity.  On  mixing  the  free  base  of  this  amine  with  its  dihydrochloride,  melting  at 
222*,  diae  occurs  redistribution  of  the  hydrogen  chloride  and  the  formation  of  the  monohydrochloride  widi  m.p.  152’. 
Visually  this  was  manifested  in  the  above  indicated  hardening  of  the  sticky  mixture  of  the  base  and  hydrochloride  of 
m-aminobenzyldiethylamine.  It  must  be  thought  that  in  view  of  the  greater  basicity  of  the  dlethylamino  group,  the 
salt  formation  proceeds  for  the  most  part  at  its  expense. 

In  die  literature  are  described  reactions,  proceeding  between  quaternary  salts,  containing  the  benzyl  group,  and 
acetoacetic  ester  [2],  amines  [3]  or  NajTe  [4],  KCN,  NaSH,  NajS,  etc.  [5].  Benzyldiethylamine  hydrochloride  reacts 
with  a  number  of  aromatic  amines  [6].  In  all  cases,  there  occurs  cleavage  of  the  dalkylamine. 

It  is  possible  that  the  easier  salt  formation  properties  of  the  diethylamino  group  in  our  case  facilitates  the  direc¬ 
tion  of  die  reaction  specifically  at  die  expense  of  cleavage  of  the  diethylamino  group.  Together  with  this  it  is  evi¬ 
dent  that  here  a  role  is  also  played  by  the  greater  mobility  of  the  diethylamino  group,  when  compared  with  the  amino 
group,  since  in  the  presence  of  both  groups  in  die  same  compound  the  reaction  always  proceeds  with  the  cleav^e  of 
the  diediylamine  hydrodilOTide. 

The  reaction  also  takes  place  if  the  m-aminobenzyldiediylamlne  is  taken  as  the  dihydrochloride.  However, 
here  there  was  observed  a  considerable  decrease  in  the  yield  of  6-hiethoxy-8-(£r  -aminobenzyl)aminoquinoline  and 
the  formation  of  6 -methoxy-8-(6’-medioxy-8’ -quinoline )aniinoquinoline. 

All  of  die  syndiesized  compounds  proved  to  be  Inactive  when  tested  for  avian  malaria. 

EXPERIMENTAL 

6-Methoxy-8-(3*  -aminobenzyl)aminoquinollne 

a)  An  intimately  ground  mixture  of  6-niethoxy-8-aminoquinoline  (8.7  g).  m-aminobenzyldiethylamine  free 
base  (4.5  g)  and  m-aminobenzyldiethylamine  dihydrochlocide  (6.3  g)  was  heated  in  a  sealed  tube  for  18  hours  at  170- 
175*.  After  cooling,  the  detained  dark  brown  melt  was  dissolved  in  10^  hydrochloric  acid  and  the  acid  solition  was 
cooled  widi  ice;  diis  resulted  in  the*precipitation  of  the  hydrochloride  of  unreaoed  6-methoxy-8-aminoquinoline. 

The  precipitate  was  filtered,  washed  with  10*55)! hydrochloric  acid  solution,  and  dried  (weight  4  g).  To  the  mother 
liquor  was  added  crystalline  sodium  acetate  until  the  solution  failed  to  show  acid  to  Congo  paper.  The  solixion  became 
turbid  from  the  precipitation  of  traces  of  6-methoxyamlnoquinoline,  which  was  extracted  with  ether.  The  aqueous 
solution  was  made  alkaline  vrith  10*70  sodium  hydroxide  solution  and  then  extracted  with  ether;  the  extraction  failed 
to  remove  a  small  amount  of  sticky  black  substance  (0.6  g).  The  ether  solution  was  washed  with  water  and  then  dried 
over  potash.  After  distilling  off  the  ether  there  remained  12. 7  g  of  fairly  mobile  Ixown  liquid  which  was  distilled 
in  vacuo.  At  120-125*  (3-4  mm)  there  was  collected  6.8  g  of  unreacted  m-aminobenzyldiethylamine.  The  residue 
was  distilled  twice  in  vacuo  and  the  fraction  (1.8  g)  boiling  at  215-220*  (3-4  mm)  was  collected.  The  yellow  pic- 
rate  was  obtained  by  pouring  togetha  acetone  solutions  of  the  free  base  and  picric  acid.  The  picrate  crystallized  from 
acetone,  and  from  water  as  tiny  prisms.  M.p.  242-243*  (decompn.). 


2.835  mg  sub.:  0.421  ml  Nj  (24%  756  mm),  5.174  mg  sub.*.  0.784  ml  N*  (28*.  749  mm).  Found  ojoi  N  16.98, 

16.93.  Calculated ‘J’o!  N  17.10. 

The  picrate  was  converted  to  the  free  base,  and  the  latter  precipitated  from  ether  In  die  form  of  pale  yellow 
needles,  m.p.  118*,  Extremely  soluble  In  alcohol,  ether,  and  benzene:  insoluble  in  Water.  The  free  base  can  be  di- 
azotized  and  coupled  with  B  -oaphthol. 

3,042  mg  sub.*.  0.402  ml  (20".  753  mm).  2.107  mg  sub.:  0.274  ml  1^  (18”,  751  mm).  Found  N  15.25, 

15.07.  CtiHijON,.  Calculated  N  15.05. 

b)  The  intimately  ground  mixture  of  6-methoxy-8-aminoqulnollne  (8.7  g)  and  m-aminobenzyldletiiylamlne 
dfliydrochlorlde  (12,5  g)  was  heated  in  a  sealed  tube  for  11  hours  at  170-175*.  The  melt  was  dissolved  in  Ifffo  hydo- 
chlorlc  acid  solution,  made  alkaline,  and  extracted  with  ether.  7716  ether  failed  to  extract  1.3  g  of  dark  brown  sub¬ 
stance,  which  was  recrystallized  from  a  mixture  of  benzene  and  petroleum  ether,  M,p.  168-170*:  ihe  mixed  melting 
point  of  the  obtained  compound  with  6-methoxy-8  -(6’-methoxy-8'-qumolyl)amittoquinolinefailedto  show  a  depres¬ 
sion.  The  residue  after  distilling  off  the  ether  wa.>  distilled  in  vacuo,  and  the  fraction  (0.4  g)  boiling  at  205-215* 

(3-4  nun)  was  collected. 

8 -(3*  -Amlnobenzyl)amtnoqutnoline 

a)  The  intimately  ground  mixture  of  8-aminoquinoline  (7.2  g),  m-aminobenzyldiedrylamlne  free  base  (4.5  g) 
and  m-aminobenzyldlediylamine  dlhydrochlbrlde  (6.3  g)  was  heated  in  a  sealed  tube  for  18  hours  at  170-175*.  The 
obtained  dark  brown  melt  was  dissolved  in  10*^hydrochlcric  acid  solution,  to  the  solutloa  was  added  sodium  acetate 
until  it  no  longer  snowed  acid  to  Congo  plt>er.  and  the  precipitate  of  unreacted  8  -amlnoqulnoline  was  extracted 
with  ether.  Further  treatment  was  die  same  as  in  the  {xevlous  experiment.  After  dstilliig  off  die  ether  diere  was 
obtained  12.7  g  of  mobile  brown  liquid,  which  was  distilled  in  vacuo.  At  120-125*  (3-4  mm)  there  was  collected 
7.3  g  of  unteacted  m-aminobenzyldiethylamine.  The  residue  was  distilled  twice  in  vacuo,  and  the  fraction  boil¬ 
ing  at  215-225*  (3-4  mm)  was  collected  In  an  amount  of  1.2  g. 

The  yellow  picrate  was  obtained  by  pourii^  together  acetmie  soluticms  of  the  free  tase  and  picric  acid.  The 
picrate  crystallized  from  alcohol  as  tiny  prisms  widi  m.p.  235-236*. 

3.520  mg  sub.*.  0.549  ml  Nj  (20*,  750  mm).  3.400  rag  sub.*.  0.539  ml  Nj  (19*,  750  mm).  Found  N  17.93. 

18.29.  Cj^aOuNj.  Calculated  N  17.82. 

The  picrate  was  converted  to  the  free  base,  and  the  latter  crystallized  from  ether  as  vrhite,  slender  needles. 
M.p.  125-126*. 

The  free  base  is  extremely  soluble  in  alcohol,  ether  and  benzene:  insoluble  in  water.  It  can  be  diazotized  and 
coupled  with  B  -naphthol. 

2.795  rag  sub.:  0.421  ml  N*  (19*.  737  mm).  2.884  mg  sub.:  0.431  ml  Nj  (19*.  737  mm).  Found  iot  N  17.08, 

16.94.  Calculated  <7a:  N  16.87. 

b)  The  intimately  ground  mixture  of  8-aminoqulttoline  (4  g)  and  m-aminobenzyldiethylamine  dihydrochlor- 
ide  (7  g)  was  heated  in  a  sealed  tube  for  11  hours  at  170-175*.  Further  treatment  was  the  same  as  in  the  previous  ex¬ 
periment.  The  ether  extraction  failed  to  remove  1.8  g  of  brownish  product. 

The  residue  after  distilling  the  ether  was  distilled  in  vacuo:  the  fractioa  (0.3  g)  boiling  at  210-225*  (3-4 
mm)  was  collected. 

N-(3'  -  Aminobenzyl)  -  3  -  dlethylaminomethylaniline 

The  liquid  m-aminobenzyldiediylamine  as  the  free  base  (4.8  g)  and  its  solid  dihydrochlaride  ( 6.5  g)  were 
pasted  in  a  mortar.  The  resulting  thick,  sticky,  yellow  mass  solidified  on  grinding  with  the  pestle,  turned  lighter  in 
color  and  became  friable.  ITie  mixture  was  heated  in  a  sealed  tube  for  17  hours  at  175-180*.  On  conclusion  of 
heating,  the  reaction  mixture  appeared  as  a  clear  yellow  melt,  which  was  extracted  by  dissolving  in  10^  hydro¬ 
chloric  acid  scdutian.  The  acid  solution  was  made  alkaline  with  10%  sodium  hydroxide  solution  (a  strong  odor  of 
diefriylamine  was  detected  when  this  was  done),  and  the  alkaUnp.  solution  was  extracted  widi  ether.  The  ether  so¬ 
lution  was  wadied  with  water  and  then  dried  ever  potadi.  The  residue  after  removal  of  the  ether  was  distilled  in 
vacuo:  at  115-120*  (3  mm)  diere  Avas  collected  5.2  g  of  miglnal  m-aminobenzyldiethylamine*,  at  225-230*  (3  mm) 
there  was  dstained  1  g  of  pale  yellow  viscous  liquid.  Tbe  latter  is  readily  soluble  in  alcdiol,  acetone,  benzene  and 
dilute  acids,  insoluble  in  water,  n^  1.5988. 

2.909  mg  sub.:  0.392  ml  Nj  (28*.  750  mm).  1.887  mg  sub.:  0.255  ml  (29*,  751  mm).  Found  N  15.08, 

15.09.  Calculated  M  14.84. 


The  white  hydrochloride  was  obtained  when  dry  HCl  gas  was  passed  into  an  ether  solution  of  the  free  base.  The 
hydrochloride  is  extremely  hygroscopic.  In  a  sealed  capillary  ni.p.  91-94*  (decompn.). 

N-(3*  -  Amlnobenzyl) -3 -dlethylaminomethylanlline 

A  mixture  of  m-aminobenzyldieihylamine  (3.6  g)  and  m-niirdxmzyl  chloride  (3,4  g)  was  heated  on  the  boil¬ 
ing  water  bafli  for  4  hours.  The  reaction  mixture  was  dissolved  in  ItPh  hydrochloric  acid  solution,  die  solution  was 
extracted  with  ether  to  remove  unreacted  m-nitrd>enzyl  chloride,  then  made  alkaline  with  lO^o  sodium  hydroad.de 
solution,  and  extracted  with  benzene.  The  benzene  solution  was  washed  with  water  and  then  dried  over  potash.  After 
removal  of  die  solvent  diere  remained  5  g  of  fairly  nu^Ue  reddish  liquid,  the  latta:  widiout  further  purification  was 
catalytlcally  (Raney  nickel)  reduced  with  hydro^n.  The  reduction  product  was  distilled  in  vacuo:  at  120-125*  (4 
mm)  there  was  collected  1.1  g  of  unreacted  m-amlnobenzyldiethylamine:  at  220-230*  (3  mm)  there  was  collected  1.3 
g  of  viscous  ctdocless  liquid.  The  latter  is  readily  soluble  in  alcohol,  acetone,  benzene  and  dilute  acids;  insoluble  in 
water,  nj  1.5987. 

3.305  mg  sub.s  0.441  ml  (27*.  756  nun).  3.624  mg  sub.*.  0.481  ml  (22*.  750  mm).  Found  °}ai  N  15.10, 

15.16.  Calculated  <9^.  N  14.84. 

The  white  hydrodilorlde  is  extremely  hygroscopic.  In  a  sealed  capillary  m.p.  90-95*  (decomfsi.).  The  mixed 
melting  point  with  the  hydrochloride  of  the  N-(3'  -aminobenzyl) -3-die  thylaminomethylaniline  obtained  by  die  earlier 
described  method  fails  to  be  depressed. 


SUMMARY 

1.  A  number  of  new  compounds  were  syndiesized:  6  methaxy-8-(3’-aminobenzyl)aminoquittoline.  8-<3’- 
aminobenzyl)aminoqulnoline  and  N-(3’-aniinobenzyl)-3-dieih^minomethylanlline. 

2.  The  stmcture  of  N-(3’  -aminobenz)d)-3-diediylaminomediylaniline  was  confirmed  by  its  synthesis  horn 
m-nitrobenzyl  chloride  and  m-aminobenzyldlethylamine  with  subsequentrreductian  of  the  nitro  group. 

3.  The  reaction  between  the  free  6-mediaxy-  or  8-aminoquinoliite  and  the  hydrochloride  of  m-aminobenzyl- 
dlethylamine  proceeds  widi  die  cleavage  of  diediylamine  hydrochloride. 

LITERATURE  CITED 

[1]  V.  L  Stavrovskaya.  J,  Gen.  Chem.,  25,  337  (1955).  • 

I2]  H.  R.  Snyder,  C.  W.  Smldi,  I.  M.  Stewart.  J.  Am.  Chem.  Soc..  66.  200  (1944). 

[3]  A,  E,  Porai-Koshits,  Trans.  Leningrad  Chem. -Tech  Inst,,  No.  1.  7  (1984). 

£4]  A.  A,  Tschugajew  and  V.  G,  Chlopin.  Ber..  47,  1272  (1914). 

[5]  H.  R.  Snyder,  I.  C.  Speck.  J.  Am.  Chem.  Soc.,  61,  668  (1939). 

£6]  y.  L  Stavrovskaya,  J.  Gen.  Chem.,  24,  1038  (1954). 

Received  May  26,  1954  Instimte  of  Malaria, 

Medicinal  Parasitology  and  Helminthology 


•  See  Consultants  Bureau  Translation,  p.  319. 


fl -AMINOFURANIDINE  AND  DIGLYCOLIC  ACID  FROM  fl -FURANIDONE 


I.  K.  Korobltsyna,  Yu.  K.  Yuryev,  and  E.  M.  Lukina 

In  our  previous  papers- we  described  0  -furanidone  (tetrahydro-S-furanone)  [1]  and  the  (separation  of  0  -alkyl- 
and  0  -arylfuranidones  from  it  via  the  ocganomagnesium  synthesis  [21  In  the  present  paper  other  reactions  of  0  - 
furanidone  -were  studied;  the  preparation  of  0  -aminofuranidine  by  reduction  of  the  oxime,  and  also  the  oxidation  with 
selenium  dioxide  under  various  conditions. 

In  the  oxidation  with  selenium  dioxide  of  ketones  of  the  fiiianidine  (tetrahydrofuran)  series,  possessing  the  car¬ 
bonyl  group  in  the  3  position  and  alkyl  radicals  in  the  2,2,5,5-positl<«is,  the  oxidation,  directed  toward  the  only  metiiyl- 
ene  group  in  the  ring,  adjacent  to  the  carbonyl  group,  proceeded  smoothly,  and  the  corresponding  a  -diketones,  the 
2,2,5,5-tetraalkyltetrahydro-3,4-furandioiies,  were  obtained  in  excellent  yields  [31 

0  -Furanidone,  die  base  compound  of  the  furanidlne  0  -ketones,  manifested  a  different  behavior  when  oxidized 
with  selenium  dioxide.  The  oxidation  in  boiling  dimtane  (as  was  done  in  the  oxidation  of  the  2.2,5.5-teaaalkyltetra- 
hydro-3-furanones)  was  so  profound  that  the  oxidation  products  were  oxalic  acid  and  carbon  dioxide:  under  milder  tem¬ 
perature  conditions,  in  boiling  ether,  die  oxidation  also  proceeded  with  cleavage  of  the  ring,  but  the  oxygen  bridge 
remained  intact,  and  the  oxidation  product  was  diglycoUc  acid,  although  in  this  case  also  there  was  some  formation 
of  carbon  dioxide,  the  complete  oxidation  product  of  the  ketone. 

As  a  result,  in  the  oxidaticm  of  0  -furanidtxie  widi  selenium  dioxide  the  oxidizing  agent  first  of  all  attacks  the 
methylene  group,  adjacent  to  the  carbonyl  group  and  occupying  the  4-positian  in  the  furanidlne  ring,  but  the  result 
ing  tetrahydro-3,4-furandione  is  subjected  to  further  oxidation,  which  leads  to  rupture  of  die  ring  at  die  carbon -car¬ 
bon  bond  in  the  3,4 -position.  The  resulting  diglycolic  acid  is  oxidized  further  to  oxalic  acid,  and  the  latter  to  ^arbon 
dioxide. 
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EXPERIMENTAL 

The  0  -furanidone,  used  in  the  present  study,  had  b.p.  1®-140“  (760  mm),  1.4384,  ^  1.1240. 

0  -Furanidone  thiosemicarbazwie,  ditained  in  quantitative  yield  from  1.5  g  of  the  ketone  in  10  ml  of  pyridine 
and  2.5  g  of  thlosemicarbazide  hydrochloride  in  3  ml  of  water,  melted  (after  recrystallization  from  dilute  alcohol) 
at  194-195*. 

Found  <7o:  N  26.20,  26.26.  CjH,ON,S.  Calculated  <^a-.  N  26.40. 

0  -Furanidone  oxime.  To  a  solution  of  28  g  (0.4  mole)  of  hydroxylamine  hydrochloride  and  20  g  (0.6  mole) 
of  sodium  hydroxide  in  150  ml  of  water  and  250  ml  of  alcohol  in  a  flask  with  reflux  condenser  was  added  20  g 
(0.23  mole)  of  0  -furanidone.  The  mixture  was  heated  for  2  hours  on  the  boiling  water  bath.  After  neutralization 
with  acetic  acid  and  distilling  off  the  solvent  the  residue  was  extracted  with  ether.  The  ether  solution  was  washed 
with  water  and  then  dried  over  anhydrous  sodium  sulfate.  After  distilling  off  the  ether  the  residie  was  distilled  in 
vacuo.  There  was  obtained  18.8  g  of  0  -furanidone  oxiihe  (80*?^  of  the  theoretical)  as  a  colorless  viscous  liquid, 
which  crystallized  after  standing  for  two  days  (not  described  in  the  literature):  b.p.  78-78.5*  (2  mm),  m.p.  64-65*. 

Found  ‘fe  C  47.83,  47.65:  H  7.11,  6.94:  N  ia80,  14.07.  C4H,0^.  Calculated  C  47.51:  H  6.97:  N  13,85. 

0  -Aminofuranidine.  The  0  -furanidone  oxime  was  reduced  under  die  conditions  described  for  the  reduction 
of  coumaranone  oxime  [4].  To  a  solution  of  8  g  (0.08  mole)  of  0  -furanidone  oxime  in  150  ml  of  anhydrous  alcohol 
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and  30  ml  of  glacial  acetic  acid  in  small  {jortions  and  with  stirring  was  added  400  g  of  2.S^o  sodium  amalgam.  The 
reduction  was  run  at  40 -50*  with  the  subsequent  addition  of  another  15  ml  of  acetic  acid  so  as  to  maintain  an  acid 
reaction  medium.  Then  the  reaction  mixture  was  diluted  with  100  ml  of  water,  after  which  it  was  separated  from 
the  mercury.  The  aqueous  solution  was  made  alkaline  and  then  extracted  in  the  extractor  for  20  hours  with  ether. 

After  drying  tiie  ether  extract  over  potash  and  distilling  off  the  ether  the  residue  was  distilled  in  vacuo.  There  was 
obtained  2.3  g  of  unchanged  oxime  and  1.2  g  of  0  -aminofnranidine  (26  calculated  on  reacted  oxime): 

B.p,  60-61*  (30  mm),  1.4591.  1.0238,  MRj)  23.16.  C4H9ON.  Calculate*  23.53. 

6  -Amiiu>furanidine  is  a  colorless  liquid  with  a  characteristic  amine  odor,  soluble  in  alcohol,  ether,  acetone  and 
water  (not  described  in  the  literature). 

0  -Furanidylbenzamide.  To  0.5  g  of  benzoyl  chloride  in  10  ml  of  anhydrous  benzene  and  5  ml  of  pyridine  in 
a  flask  wifri  reflux  condenser  was  added  0.5  g  of  0  -aminofuranidine.  After  boiling  the  mixture  for  30  minutes  the 
cooled  solution  was  filtered,  washed  with  water,  3^o  potash  solution,  and  dried.  After  distilling  off  the  benzene  and 
pyridine  (in  vacuo)  the  residue  was  recrystalUzed  from  benzene:  m.p.  87-87.5*. 

Found  Ife  C  68.95,  69.14:  H  7.05,  7.01:  N  7.58.  7.47.  CuHuOjN.  Calculated  %  C  69.09:  H  6.85:  N  7.32. 

0  -Furanid>d-g  -naphthylurea.  To  an  ether  solution,  of  0.2  g  of  0  -aminofuranidine  with  stirring  was  added 
dropwlse  an  equivalent  amount  c&  a  -naphthyl  isocyanate.  After  recrystallization  from  acetone  the  sibstance  melted 
at  215-216*. 

Found  N  10.88.  11.01.  C^HuP^^  Calculated  lai  N  10.93. 

« -Aminofuranidine  plcrate  was  precipitated  in  alcohol  solution:  m.p.  (from  alcohol)  151.5-152*. 

Found  <70:  N  17.51,  17.56.  CbHjjO,!^.  Calculated  N  17.72. 

Oxidation  of  0  -furanidope  with  selenium  dioxide,  a)  To  a  boiling  solution  of  23.3  g  (0.21  mole)  of  selenium 
dioxide  in  200  ml  of  moist  dioxane  (in  a  3-necked  flask  with  stirrer,  droppii^  funnel  and  reflux  condenser,  fitted  with 
an  escape  tube  descending  into  a  solution  of  barium  hydroxide)  with  stirring  was  added  dropwise  17  g  (0.2  mole)  of 
0  -furanidone,  after  which  the  mixture  was  heated  for  another  4  hours.  A  copious  precipitate  of  barium  carbonate 
collected  in  the  test  tube.  Then  the  selenium  was  filtered,  the  dioxane  was  distilled,  and  die  residue  was  extracted 
with  edier.  The  ether  extract  was  washed  with  a  solution  of  sodium  bicarbonate,  water,  and  dried  over  anhydrous 
sodium  sulfate.  An  Insignificant  amount  of  residue  was  obtained  after  distilling  off  the  ether.  The  combined  aqueous 
solutions  were  made  alkaline  and  then  evaporated  10  dryness.  The  solid  residue  was  decomposed  with  dilute  sulfuric 
acid,  and  flie  solution  was  extracted  with  ether.  After  drying  the  ether  extract  and  distilling  off  the  ether  there  was 
ditained  1  g  of  colorless  crystals,  whidi  after  recrystaUizatlon  from  water  melted  at  102"  and  were  oxalic  acid.  The 
mixed  melting  point  with  known  oxalic  acid  failed  to  show  a  depression. 

b)  To  a  boiling  solution  of  17  g  (0.2  mole)  of  0  -furanidone  in  200  ml  of  ether  (in  the  apparatus  described  above) 
was  added  witfi  stirring  a  solution  of  22  g  (0.2  mole)  of  selenium  dioxide  in  10  ml  of  water.  The  reaction  mixture 
was  heated  for  10  hours;  the  evolution  of  carbon  dioxide  was  observed  (by  the  jxecipitate  of  barium  carbonate).  Then 
the  selenium  was  filtered  and  repeatedly  wadied  with  ether,  and  with  water.  The  combined  etiier  solution  was  washed 
vlth  a  solution  of  sodium  bicarbonate  and  then  dried  over  anhydrous  sodium  sulfate.  After  distilling  off  the  ether 
and  distilling  the  residue  there  was  obtained  6.3  g  of  unchanged  0  -furanidone.  The  aqueous  solution  was  treated  in 
the  above  described  manner.  After  distiUllig  off  tiie  etiier  there  was  (Stained  0. 9  g  of  colorless  crystals,  showing 
acid  reaction  (to  litmus)  and  melting  (after  recrystaUizatlon  from  water)  at  141-142*. 

Found®;*®:  C  36.08,  36.12:  H  4.68,  4.53.  Calculated ‘7®:  C  35.82:  H  4.48. 

The  analysis  data  for  the  obtained  compound  corresponded  to  diglycoUc  acid. 

Literainre  data  for  diglycolic  acid:  m.p.  148*  [5]. 

Authentic  diglycolic  acid,  available  to  us,  melted  at  142-142.5*.  The  mixed  melting  point  of  tiie  substance 
obtained  by  us  with  the  authentic  diglycolic  acid  failed  to  show  a  depression:  m.p.  141-142*! 

SUMMARY 

1.  The  thiosemicarbazone  and  oodme  of  0  -furanidone  have  been  described,  the  reduction  of  the  latter  to 
0  -aminofuranidine  and  the  preparation  of  its  derivatives  —  the  picrate,  0  -furanidylbenzamide,  and  0  -furanldyl-a  - 
naphthylurea. 
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2.  The  oxicUttion  of  6  -furanidcme  with  selenium  dioxide  in  dioocme  at  100°  leads  to  oxalic  acid  and  carbon 
dioxide;  the  oxidation  inboilii^  ether  leads  to  the  formation  of  diglycolic  acid  and  carbon  dioxide. 
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INVESTIGATIONS  IN  THE  AN THR AQ UINON E  SERIES 


I  XXn.  THE  HYDROLYSIS  OF  a- ANTHRAQUINONYLMERCURY  SULFATE 

i  V.  V.  Kozlov  and  B.  I.  Belov 

} 

i  '  The  hydrolysis  of  a -anthraquinonylmercury  chloride,  described  by  us  in  a  jwevious  communication,  revealed 

•Jiat  the  r.nsymmetrical  arylmercury  type  of  compound  [1],  appearing  as  the  intermediate  product  in  the  sulfonation 
j  of  anthraquinone  in  the  presence  of  mercury,  from  its  behavior  can  also  serve  as  the  intermediate  product  in  the  hydr¬ 

olysis  of  a  -anthraquinonesulfonic  acid  to  anthraquinone  [2],  However  conclusive  confirmation  of  this  can  be  made 
only  after  studying  die  hydrolysis,  not  of  a -anthraquinonylmercury  chloride,  but  of  a -anthraquinonylmercury  sulfate, 
to  which  subject  the  present  communication  is  devoted, 

'  a -Anthraquinonylmercury  sulfate  was  obtained  by  us  from  a -anthraquinonylmercury  chloride  by  previously 

described  mediods  [3].  The  hydrolysis  conditions  and  control  of  the  process  by  the  amount  of  separated  mercury  were 
[  analogous  to  those  described  in  a  previous  communications  foe  the  transformation  of  a -anthraquinonylmercury  chlor- 

T  ide. 

The  results  on  the  hydrolysis  of  a -anthraquirumylmercury  sulfate  are  given  in  Tables  1-7. 


TABLE  1 

Hydrolysis  of  RHgSO^H  as  a  Function  of  Sulfuric  Acid  Concentration,  (Time  —  1  hour;  10  ml  H2SO4) 


Expt, 

No. 

H2SO4  (In  %) 

1 

RHgSO^H  (in  g) 

KI  consumed  for  1  ml 
of  solution  (in  ml) 

Mercury  found 
(ing) 

Percent  of  hydrolyzed 
substance 

Temperature  190-195" 

1 

25 

0.0718 

0.015 

0.00106 

4.3 

2 

40 

0.0842 

0.03 

0.00212 

7.0 

3 

50 

0.1244 

0.08 

0.00566 

13.0 

4 

60 

D.1078 

0.12 

0.00849 

22.5 

5 

75 

0.0931 

0.23 

0.01628 

50.0 

6 

85 

0.0778 

0.21 

0.01487 

54.6 

7 

1  100  1 

0.1056 

0.43 

0.03058 

98.0 

Temperature  170-175" 

8 

50 

0.1100 

0.01 

0.000708 

1.8 

9 

60 

0.1187 

0.06 

0.00415 

9.9 

10 

75 

0.1104 

0.07 

0.00521 

13.2 

11 

85 

0.1107 

0.10 

0.00708 

18.0 

12 

100 

0.1250 

0.39 

0.0276 

63.0 

Remarks.  Here  and  later,  Tjq  0.000708  g  Hg, 


First  of  all,  from  the  experiments  the  great  stability  of  a-anthraquinohylmercury  sulfate  when  compared  to 
a -anthraquinonylmercury  chloride  should  be  established.  If  RHgCl  in  75*70  sulfuric  acid  at  190-195*  for  1  hour  is 
907b  hydrolyzed,  then  RHgSQiH  under  the  same  conditions  is  hydrolyzed  a  total  of  only  50*5fc  (Table  1).  An  even 
greater  difference  in  the  stability  of  the  two  compounds  is  observed  at  lower  reaction  temperatures.  This  stability 
of  anthraquinonylmercury  sulfate  supports  our  earlier  made  postulation  [3]  (Tables  1  and  2). 

As  is  known,  the  hydrolysis  of  a -andiraquinonesulfonic  acid  proceeds  in  die  presence  of  mercury  in  75 -80  7b 
sulfuric  acid  at  temperatures  above  170*  with  die  formation  of  anthraquinone.  At  temperatures  below  170"  the  hy¬ 
drolysis  proceeds  slowly  [4].  The  anthraquinone  remaining  from  its  sulfonation  to  the  a -sulfonic  acid  and  the 

•  “Communication  XXI  —  see  J.  Gen.  Chem.,  25,  410  (1955)  [Consultants  Bureau  Translation,  page  387  ]. 
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TABLE  2 


Hydrolysis  of  RHgSQjH  as  a  Function  of  Time  (Temperature  190-195*:  10  ml  73yo  H2SO4} 


Exptl  No. 

RHgSO^H  (in  g) 

KI  consumed  for  1  ml 
of  solution  (in  ml) 

Mercury  found 

(in  g) 

Percent  hydrolysed 
substance 

— t" 
1  ' 

30 

0.1030 

0.12 

0.00849 

23.5 

2  1 

60 

0.0931 

0.23 

0.0163 

50.0 

3  ! 

120 

0.1021 

0.36 

0.0255 

72.3 

TABLE  3 


Influence  of  Mercury  Sulfate  Addition  on  the  Hydrolysis  of  RHgSQjH  (Temperature  190/195*:  time  —  1  hour;  10  ml 
HjSQ,:  HgSQ*) 


Expt. 

No. 

H2SO4  (in  % 

HgSQi  (in  g) 

Mercury  found 
(in^ 

Percem  hydrolyzed 
substance 

1 

25 

0.0718 

— 

0.015 

0.00106 

4.3 

2 

25 

0 .1052 

0 .0059 

0.07 

0.00094* 

2.2 

3 

50 

0.1244 

- 

0.08 

0.00566 

13.0 

4 

50 

0.1002 

0 .0066 

0.13 

0.0046* 

8.0 

5 

75 

0.0931 

- 

0.23 

0.01628 

50.0 

6 

75 

9.0984 

0.0050 

0.16 

0.00802* 

23.2 

TABLE  4 


Influence  of  Chlwosulfooic  Acid  Addihon  on  the  Hydrolysis  of  RHgSO^H  (Temperature  190-195*:  time  1  hour;  10  ml 
HjSQt:  10<^S(VIC1) 


Eiqit. 

No. 

— 

HjS04(ln'7o) 

SO^Cl 

RHgS04H 

(in  g) 

KI  consumed  fm  1  ml 
of  solution  (in  ml) 

Mercury  found 

(in  g) 

Percent  hydrolyzed 
substance 

1 

25 

Absent 

0.0718 

0.015 

0.00106 

4.3 

2 

25  ' 

Presem 

0.1020 

0.07 

0.00496 

14.0 

3 

50 

Absent 

0.1244 

0.08 

0.00566 

lao 

4 

50 

Presem 

0.0972 

0.13 

0.0092 

27.1 

5 

75 

Absent 

0.0931 

0.23 

0.01628 

50.0 

6 

75 

Presem 

0.1180 

0.49 

0.0377 

84.2 

anthraquinone  formed  in  the  hydrolysis  of  the  sulfonic  acid  binds  the  mercury  taken  for  sulfonation  or  hydrolysis  into 
an  organomercury  compound  of  anthraquincme  [5]. 

That  the  mercury  is  bound  by  the  anthraquinone  is  also  shovm  by  the  definite  stability  of  the  mercury  com¬ 
pound  of  anthraquinjcne  to  aqueous  sulfuric  acid  solutions  at  elevated  ten^raturcs;  consequently,  the  relative  stability 
of  the  pure  compound  in  the  focm  of  the  a  -anthraqulnonylmercury  sulfate  studied  by  us  is  not  surprising.  The  hydroly 
sis  of  dlls  compound  in  aqueous  sulfuric  acid  is  accompanied  by  die  separation  of  a  considerable  amount  of  macury, 
capable  of  retarding  the  hydrolysis  process  due  to  the  reverse  mercuraticm  reaction: 

RHgSQiH  +  HOH  RH  +  HgSO^*  HOH 

HgSC^-HOH(+  HjSQj)  ^  HgSQj  +HOH(+  HjjSQj) 

RH  +  HgSQj  RHgSQ^  • 

The  lower  degree  of  RHgSQ^  hydrolysis  vdien  conqiared  to  RHgQl  is  due  to  the  inf  luence  of  the  greater  concen- 

/  ,OHgQri\ 

tration  of  mercury  sulfate  or  its  hydrated  amphoteric  form  (HgSQi^HOH  =  SOj  j, which  occurs  specifically 

\  ^oH  y 

in  die  hydrolysis  of  RHgSQ^.  On  introducing  into  the  reaction  during  RHgSQiH  hydrolysis  a  small  amoimt  of  mercury 
sulfate  (5-10‘ifc  on  die  wei^t  of  substance)  the  degree  of  hydrolysis  is  lowered  by  50^  for  almost  all  of  the  sulfuric 
acid  concentrations  (Table  3),  This  reduc]tion  is  die  result  of  die  concutrait  mercuratlon  of  andiraquinone.  On  die 

•  After  subtracting  ^  the  Introduced  mercury  sulfate. 
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TABLE  5 

Conversion  of  RHgSQ|H  in  the  Monohydrate  as  a  Functiwi  of  Temperature  (Time  1  hom;  10  ml  HjSO^) 


Expt.  No. 

Temperature 

RHgSQtH 
(in  g) 

KI  consumed  for  1  ml 
of  solution  (in  ml) 

Mercury  fomd 
(in  g) 

Percent  conversion 

1 

0 

O 

O 

0.1071 

0.08 

0.00566 

15 

2 

to 

O 

0.09G9 

0.19 

0.01345 

40 

3 

140 

0.0987 

0.22 

0.01557 

45 

4 

170 

0.1250 

0.39 

0.0276 

63 

5 

190 

0.1056 

0.43 

0.0306 

98 

other  hand,  die  introduction  into  the  reaction  during  RHgSQ|H  hydrolysis  of  a  small  amomt  of  hydrochloric  or  chloro- 
sulfonic  acid  (up  to  IVjo  on  the  wei^t  of  substance)  accelerates  die  hydrolysis  rate  by  50*1^  for  almost  all  of  die  sul¬ 
furic  acid  concentrations  (Table  4).  The  formation  of  the  chltnide  ion  in  the  reaction  medium  leads  to  the  binding 
of  the  mercury  as  mercury  chloride,  which  sublimes  from  the  reaction  sphere  [5/.  A  decrease  in  the  concentration  of 
mercury  sulfate  quickly  reduces  the  possibility  of  the  anthraquinone  mercuration  reaction  proceeding  and,  in  reverse, 
accelerates  the  hydrolysis  of  RHgSQiH  (Table  3). 

The  heating  of  RHgSQiH  in  the  monohydrate  also  gave  a  different  conversion  picture  when  comparedwidi  the 
behavior  of  RHgCl.  If  the  heathy  of  RHgCl  for  1  hour  at  190”  results  in  a  cleavage  of  only  ffh,  then  under  the  same 
conditions  the  cleavage  of  RHgSQi  is  practically  complete  (Table  5).  The  conversion  of  fHgSQ^  in  the  monohydate 
depends  on  the  time,  and  especially  on  the  temperature  (Tables  5  and  6).  The  coarersion  of  RHgSQ^H  in  the  mono- 
hydrate  has  a  double  direction.  In  one  direction  especially  at  comparatively  low  besting  temperatures,  die  cleav¬ 
age  of  die  organomercury  compound  proceeds*  RHgSQiH  RH  +  HgSQj.  As  can  be  seen  from  Table  6.  ip  to  4ff7o 
of  the  substance  suffers  cleavage  in  die  first  hour.  Prolongir^  the  heating  time  to  3  hours  increases  the  amount  of 
cleaved  substance  by  only  20^.  This  retar'dation  of  cleavage  with  time  is  due  to  the  estdilishment  of  the  equUihrium 
deavage- mercuration  reaction.  The  introduction  of  mercury  sulfate  into  the  reaction  medium  also  in  the  given  case 
facilitates  a  reduction  in  die  degree  of  substance  cleavage,  once  ^ain  infavor  of  anthraquinmie  mercuraion  (Table  ?). 

TABLE  6 


Converstion  of  RHgSQiH  in  the  Monohydrate  as  a  Function  of  Time  (Temperature  140-145”:  10  ml  HjSQi) 


Expt.  No.  1 

Time 

(in  minutes) 

RHgSq^  (in  g) 

Kl  consumed  for  1  ml 
of  solution  (in  ml) 

Percent  conversion 

1 

30 

0.0993 

0.08 

0.00566 

16.0 

2 

60 

0.0987 

0.22 

0.01557 

45.0 

3 

120 

0.0978 

0.26 

0.01840 

54.2 

4 

1  180 

0.1031 

0.33 

0.02336 

65.0 

TABLE  7 

Influence  of  Sulfate  Addition  on  the  Conversion  of  RHgSG^  in  the  Monohydrate  (Time  1  hour;  10  ml  HjSQi; 
IVlo  HgSO^) 


Expt. 

No. 

Temperature 

HgSQj  (in  g) 

Percent 

conversion 

1 

140” 

0.0987 

— 

0.22 

0.01557 

45.0 

2 

140 

0.1381 

0.0143 

0.31 

0.01193* 

24.8 

3 

j  170 

0.1250 

- 

0.39 

0.02760 

63.0 

4 

170 

0.1104 

0.0122 

0.42 

0.05109* 

58.0 

In  the  other  direction,  especially  on  heating  the  substance  in  the  monahydate  at  190”,  togedier  with  cleavage 
of  die  substance  diere  proceeds  sulfonation  of  die  liberated  anthraqtinone:  RH  HjSQi  H^O. 

The  sulfonation  of  anthraquinone  under  these  conditions  leads  to  the  more  stable  B  -anthraquinone  sulfonic  acid, 
identified  by  us  by  treating  the  sulfuric  acid  mother  liquor  (from  heating  RHgSQ|H  for  1  hour  at  170”  in  thennnKdiydr- 
ate)  widi  potassium  chlorate.  The  isolated  chloroanthraquinone  after  recrystallization  melted  at  206*  and  failed  to 

*  After  subtracting  the  introduced  mercury  sulfate. 
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give  a  depressioii  when  mixed  with  pure  0  -chlOToanthraquiiMme.  It  was  established  that  a -chloroanthraquiDDne  is 
present  as  impurity  in  the  isolated  crude  chlcxoanthraquinone,  indicating,  as  a  result,  dxat  to  a  sli^t  degree  in  the 
manofaydrate  it  is  possible  at  elevated  temperature  to  suffer  the  transformation*. 

RHgSQjH  +  HjSQt  RSCVf-  a  +  HOHgSQjH. 

In  measure  with  anthraqulnone  (RH)  removal,  formed  In  the  cleavage  of  RHgSQjH,  and  its  being  bound  as  the 
3  -sulfonic  acid,  the  reaction  for  die  cleavage  of  RHgSOjH  in  the  monohydrate  will  always  be  shifted  to  the  right. 

Because  of  this  the  rate  for  the  transformation  of  RHgSQjH  in  the  monohydrate  will  be  higher  than  it  is  in  aqueous  sul¬ 
furic  acid.  The  sulfonation  of  anthraquinone,  farmed  in  the  deavage  of  a-RHgSQjH  by  the  monohydrate  at  190- 
170°,  supports  the  earlier  diservations  made  by  a  number  of  investigators  relative  to  the  analogous  sulfonation  of  anthra- 
quinone  to  the  0  -sulfonic  acid  during  the  hydrolysis  of  a  -anthraquinonesulfonic  acid  in  the  presence  of  mercury  [6]. 
The  assertion  of  Lauer  Cf]  on  the  impossibility  of  sulfonating  anthraqulnone  with  strong  sulfuric  acid  at  temperatures 
below  200*  is  not  borne  out  In  practice.  The  behavior  of  RHgSQjH  when  heated  in  different  concentrations  of  sulfuric 
acid  reveals  diat  diis  mercury  compound  of  anthraqulnone  is  acmally  die  intermediate  jaoduct,  not  only  in  the  sulfona¬ 
tion  of  anthraquinone  in  the  presence  of  mercury  to  die  a -sulfonic  acid  [1],  but  also  in  the  hydrolysis  of  the  a -sulfon¬ 
ic  acid  In  aqueous  sulfuric  acid,  also  in  the  presence  of  mercury.  This  intenelatlonship  can  be  depicted  by  the  follow¬ 
ing  scheme: 


*  HOH  SPs 


Si/l^0n&t  I  on  "  HySOn 

HyartiYSti 

In  common  with  the  transformation  of  RHgCl  and  RHgS04H  to  the  sulfonic  acid  uncfer  the  influence  of  SO3  [1], 
and  their  hydrolysis  in  aqueous  sulfuric  acid  solutitm.  we  observe  a  difference  in  their  behavior  when  heated  in  the 
monohydrate.  Most  probabty,  the  different  stability  of  RHgCl  and  RHgSQiH  in  the  monohydrate  is  associated  with 
the  structural  characteristics  of  diese  two  mercury  compounds  of  anthraquinone. 

EXPERIMENTAL 

Smdy  of  the  conversian  of  a-anthraqulnonylmercury  sulfate  in  die  monohydrate  at  170*.  RHgSQjH  (0.4558  g) 
was  heated  with  20  ml  of  die  monohydrate  in  a  round -bottomed  flask  with  reflux  condenser  in  an  oil  badi  for  Ihour. 
The  reaction  mixture  was  poured  over  ice  and  the  anthraquinone  was  filtered  on  a  tared  porous  filter,  washed  with 
water  until  neutral  to  Congo  paper,  and  dried  at  100*. 

There  was  obtained  0.027  g  of  product,  which  proved  to  be  anthraquinone.  The  mother  liqueur  with  wash  waters 
was  transferred  to  a  100  ml  volumetric  flask.  For  1  ml  of  diis  solution  tierewas  consumed  0.89  ml  of  K1  solution 
(Tjq  0.00201  g  Hg).  Total  mercury  fomd  was  36.69^o,  which  is  equal  to  about  lOO^it^  based  on  the  amount  of  mercury 
in  the  taken  wel^t  of  a  -andiraqulnonylmercury  sulfate. 

All  of  the  remaining  suliuric  acid  solution  was  transferred  to  a  three -necked  flask  fitted  with  mercury  seal  and 
reflux  condenser,  then  100  ml  of  water.  7  ml  of  5  N  hydrochloric  acid  and  2g  bl)  potassium  dilorate  were  added,  and 
the  mixture  was  heated  for  2  hours  at  ihe  boU.  There  was  obtained  0.22  g  of  chloroantiuraquinone,  or  lOO^o,  calcu¬ 
lated  rm  the  taken  wei^t  of  RHgSQ|H. 

The  crude  chloroanthraquinone  melted  at  198*.  after  recrystalllzation  from  acetic  acid  the  m.p.  was  206*,  and 
no  depression  was  observed  when  the  compound  was  mixed  with  pure  0  -r^ocoanthraquinoie. 

SUMMARY 

1.  The  hydrolysis  of  a -anthraquingnylmercury  sulfate  in  different  concentrations  of  sulfuric  acid  was  studied. 
The  most  complete  hydrolysis  was  obtained  In  75-807o  sulfuric  acid  at  170*.  The  hydrolysis  is  retarded  by  the  addition 
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of  mocury  sulfate,  due  to  the  mercuratloa  of  anthiaquinme,  proceeding  ccncuitently  wUii  die  hydrolysis  reaction. 

2.  It  was  established  that  die  heating  of  a-andiraquinonylmercury  sulfate  at  170”  in  the  numat^drate  results 
in  the  cleavage  of  the  substance  into  andiraquinone  and  mercury  sulfate,  while  above  170*  there  occirs  sulfonation  of 
the  formed  andiraquinone  to  the  0  -sulfonic  acid. 

3.  The  behavior  of  RHgSQ|H  when  heated  in  different  concentrations  of  sulfuric  acid  permits  accepting  diis 
substance  as  being  die  Intermediate  product  in  the  hydrolysis  of  br-anthraquinonesulfonic  acid  in  the'  presence  of  mer¬ 
cury  and,  as  a  result,  expressing  the  corhplete  interrelationship  existing  for  the  formation  of  or  -anthraquinonesulfonic 
'acid  and  its  hydrolysis. 

LITERATURE  CITED 

[1]  V.  V.  Kozlov,  J.  Gen.  Chem.,  18.  2094  (1948). 

[2]  V.  V.  Kozlov,  Collection  ’’Questions  of  Aniline  Dye  Chemistry.”  Trmsactlons  of  the  Ughth Conference  on 
Aniline  Dye  Chemistry  and  Technology,  Acad.  Sci.  USSR  Press,  167  (1950). 

[3]  V.  V.  Kozlov,  J.  Gen.  Chem.,  18,  1376  (1948). 

[4]  K.  Uuer,  J.  ptak.  Chem..  130,  185  (1931):  135,  182  (1932). 

[5]  M.  A.  Ilyinsky,  in  die  book:  J.  Houben,  Das  Anthracen  und  die  Andnachlnone,  p.  294  (1929):  V.  V. 

Kozlov.  J.  Gen.  Chem,,  18.  242  (1948>,  V.  V.  Kozlov.  Ptoc.  Acad.  Scl.  USSR.  57.  467  (1947). 

[6]  A.  Meuer,  Comptes.  rend..  183,  519  (1926);  184,  609  (1927)*,  British  Patent  312,837;  Chem.  Zentt.,  1930, 

I.  437. 

[7]  K.  Lauer,  J.  prak.  Chem.,  130,  194  (1931). 

Received  May  7,  1964  The  G.  V.  Plekhanov  National  Economy  Institute 


539 


•»  '  ‘is-'vc  '  j '  •  ...  v ,  ^  ■  .■/■.  V":  ‘{f^"rt.fn  )i 

.!  ihd 

'i:t:':--^  t:;  ^  .’  ,  r  r  .'■*  JAi?-  -  >•  ?i.  S 

•  '*  -'>■..  ''"J  "■j-'.'  '  .  .'iiJir,  ■•.r;  ;«3B.s  >it..  i-  r  '.»iQ3  ;»!it  SJ- 

a  iSvrit!-:  Vlibiu.  ::^r 

V  .  ■.  .‘J'i  t...  ^  •  •  ' :  -■■  .  !■.  v: 

■■I;!  :•>  'u  •  i.  V  '^i  >-  .4'-  JiTftoSfc’i’rt  Hri:'';;?  sy.' 7  ?'  .' •  *j.'  r*  >t*.  '»  iasXiUWlii. 

!*>r i.«-  '■•-»  r. ;;x-  •  •  .i  •,  ■  ""  ■••'■tk'.  .xlUi'^'s.  e  Ts'.^n*; 

/i.'’?*')v5'i'rt'  f»j  ¥'?s  1>0» 


!»y '••.'•:;:v  i. «•  '■•■-»  r. 


'  ■  ■  .  %'  Si  „ 

'.--fi  tc>  ■  r*!’" 

*it  r  ..  •  V*  ;!>-■*;»  .iln:  -i’  '/ 

.1.  _  .  ,  S, 


'■fj'li,*  .’(-I 

'  •••t*  -■■  .  .  ^  wt-i  "7 


.(52t'^,  ^  ■  -  r;;5>A'  ':i  vf.i  .  r  »r  .i  .ir-c-fi 


.  ■'  V  44^;  .'i'.*!-;-;  .;'7.  .  ■.  -  ...'  .''.'.j:  :t.‘v->c!  -i'  :  o"  „  -i,  •  •'  ; -t'  fi"->4.',I  .A  .W 

'  .r-  -.^v^y  .:.  .•  .  '  v  ..O.: ;  i-v;  ,;ii  ■> 

uLtJ*'  .;-•  -V  ■  T'rv.-'^t  ,  ai.*  :  ,  t-  , OSi'XJ- C.  -  •  i’.?.  t  ..  :>  >  .  -  .tjufii' .f 


.•'i  fi-'--?*  .■■{  .A  .M 


/'.  >-0  jIji'K,  ,!  iTi 


^  i- -Ue.'-  «.rr  - 


?Jlt-4fc#jS5'.fiPft  Wilt  li.*'  ' 

)|f-%ls35r  i-t  :•  - 

MMt 


.?!  SHgCi  JCftX 

«>  £,*C£rjt-i  y  c:i»«jti«dia.V  c/  isjUfL'^aO.:  ■ 


EXrt’^lDMKt 

!  4«,  t  ftaxflrf •  ii^Tt!tcar«ii5  .  ■<\ 
jkHa  *  ’  ■'  S' 

■  ^  ts  tc^ 


It 


Jfe  i  JSiA'  W.'!..s  I’-.i  I  ^  , 


tiUOli-?  .-:i' 

n>sip$i.]rs<  ^  '%■  a 


ARYLSULFONA  MIDOPHOSPHORYL  BROMIDES 


A.  V.  Kirsanov  and  Yu.  M.  Zolotov 


The  hydrolysis  of  tribromophosphazosulfonaryls  when  treated  with  water  proceeds  easily  with  the  formation  of 
the  dibromides,  the  monobromides  and  the  free  atylsulfoianidophosiiioric  acids  in  accord  with  the  scheme: 

ArSOjl^PBf,  +  HjO  HBr  +  ArSOjNHPOBrj, 

ArSOjNHPOBrj  +  HjO  HBr+  ArS02NHPO(OH)Br. 

ArSOjNHPO(OH)Br+  HjO  HBr  +  ArSOjNHPO(OH)j. 

Phosphoric  acid  and  the  corresponding  arylsulfamide  are  formed  on  further  hydrolysis.  Although  the  isolation 
of  the  intermediate  products  is  possible,  such  isolation  is  associated  with  great  experimental  difficulties,  since  the 
rates  of  all  three  reactions  differ  but  slightly  between  themselves;  consequently,  to  obtain  the  arylsulfonamidophos- 
phoryl  bromides  a  mediod  was  chosen  that  had  been  successfully  used  earlier  for  the' preparation  of  the  arylsulfonamido,- 
phosphoryl  chlorides,  namely,  by  die  action  of  anhydrous  formic  acid  on  the  corresponding  trihalophospha2U)  com¬ 
pounds  [1],  proceeding  in  accord  with  the  scheme: 

ArS02N=PBr5  +  HCOOH  ArSOjNHPOBtj  +  HBr  +  CO, 

ArSO^NHPOBrj  +  HCOOH  ArSOjNHPO(OH)Br  +  HBr  +  CO, 

ArS02NHP0(0H)Br  +  HCOOH  ArS02NHPO(OH)2  +  HBr  +  CO. 

The  first  two  reactions  proceed  readily  in  benzene  solution  at  room  temperature  or  with  moderate  heating:  the 
third  reaction  proceeds  at  the  boil  in  benzene  solution. 

The  ar  jisulfonamidophosphoryl  monobromides  and  dibromides  are  colorless  crystalline  compounds,  comparatively 
stable  toward  atmospheric  moisture,  and  easily  and  completely  hydrolyzed  when  treated  with  boiling  water.  They 
readily  react  with  alcohols,  alcdiolates,  amines,  phenols  and  odier  substances  containing  an  active  hydrogen.  The 
free  arylsulfonamidophosplioric  acids,  as  was  to  be  expected,  proved  to  be  identical  with  the  substances  obtained  by  die 
acidolysis  of  die  aiylsulfonamidophosphoiyl  chlorides  [2]. 

All  of  the  aylsulfonamidophosphoryl  bromides  melt  with  decomposition.  With  very  slow  heating  sintering  of 
the  compounds  is  observed  several  degrees  below  the  beginning  of  melting. 

All  of  the  acid  bromides  are  readily  soluble  in  ether  and  hot  benzene,  less  readily  in  chloroform,  and  slightly 
soluble  in  carbon  tetrachloride  and  cold  benzene. 

The  free  aylsulfonamidophosphoric  acids  are  readily  soluble  in  water  and  alcohol,  insoluble  in  ether,  benzene, 
chloroform  and  carbon  tetrachloride. 


EXPERIMENTAL 

Preparation  of  the  dibromides.  monobromides  and  free  aylsulfonamidophosphoric  acids.  The  tribromophos- 
phazosulfonaryl  (0.01  mole)  was  dissolved  in  10-25  ml  of  benzene,  with  heating  if  necessary,  and  0.01,  0.02  or  0.03 
mole  of  anhydrous  formic  acid  was  added.  To  obtain  the  dibromides  die  reaction  mixture  was  heated  for  1  hour  (Xi 
the  water  bath  at  80*.  to  obtain  die  monobromides  the  mixture  was  heated  for  2  hours,  and  to  obtain  the  free  acids  — 
by  heating  for  4  hours.  The  fairly  vigorous  evolution  of  carbon  maioxide  and  hydrogen  bromide  began  soon  after  the 
addition  of  the  formic  acid,  and  the  reaction  product  was  deposited  as  well  formed  crystals  or  as  an  oily  layer,  which 
quickly  became  crystalline. 

After  conclusion  of  heating  the  reaction  mixture  was  allowed  to  stand  for  a  day  at  room  temperature,  the  reac¬ 
tion  product  was  suction  filtered,  washed  with  benzene,  and  recrystallized  from  hot  benzene.  In  fxeparing  the  acid 
bromides  it  was  necessary  to  protect  the  reaction  mixture  and  reaction  products  from  the  action  of  atmospheric  mois¬ 
ture. 
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As  a  result  .there  were  obtained; 


Phenyhifonamidophosphoryl  dlbrotnide,  CfH|SO^NHPOBr2,  yield  90.9Plo.  fine  prisms,  m.p.  122-124*  (begins  to 
sinter  at  119*). 

Found  %  Br  44.42.  Equivalents  after  hycfrolysis.  4.03..  CjH^OjNPBrj.  Calculated  ‘^oc  Br  44.03.  Equivalents 
after  hydrolysis  4. 00. 

Phenyinufcnatntdophosphoryl  monobromide.  CjHsSOjNHPO(OH)Br,  yield  82.3^o,  crystallizes  as  needles,  m.p. 
147-150*  (sinters  145"). 

Found  &  25.95.  Equivalents  after  hydrolysis  3.08,  CJljSQjNPBr.  Calculated ‘7o:  Br  26.30.  Equivalents 

after  hydrblysis  3.00. 

Phenykulonaiiidophosphoric  acid,  C^lfiSOtNHPO(OH)t.  yield  76.0^.  fine  prisms,  nup.  14^^148“, 

Found:  equiv.  197.  C^lgSOgNP.  Calculated;  equiv.  2.00. 

o -Tolybulcnaiitdophosphoryl  dihromide ,  o-CH^fl^S02NHPOBt2,  yield  lA.'2P]o.  flat  prisms,  m.p.  123-126* 
(begins  to  sinter  at  118*). 

Found ‘7o!  &  42.45.  Equivalents  after  hydrolysis 4. 03.  C^HgSC^NPBrj.  Calculated*^:  Br  42.39.  Equivalents 

after  hydrolysis  4.00. 

o-TolylsiH5naiiido{Aiosphoryl  mooohromide,  o-CH^^SQtNHPO(CTl)Br.  yield  71.0*70,  needles,  m.p.  126-129* 
(begins  to  sinter  at  122*). 

Found  *V.  Br  25.96.  Equivalents  after  hydrolysis  3.01.  C^SQ^NPBr.  Calculated  *70:  Br  25.44.  Equivalents 

after  hydrolysis  3.00. 

o-Tolylsuygianidophostdiotic  acid,  o-CH^aH^S02NHPO(OH)2,  yield  86.4*5l>,  crystalline  powder,  m,p.  139-141". 
Found:  equiv.  2.07.  C^Hj^SO^NP.  Calculated:  equiv.  2,00. 

p-Tolylsulfonanidophosphoryl  dibromide,  p-CHjCffit^spiMHPOBrj.  yield  90.7*^,  fine  prisms,  m  .p.  123-126* 
(begins  to  sinter  at  118*). 

Found  *7o:  Br  42.53.  Equivalents  after  hydrolysis  4.02.  C^HfSOjNPBrj.  Calculated  *7>:  Br  42.39.  Equivalents 

after  hydrolysis  4.00. 

p-Tolyliulfonamidophosphoryl  mono  bromide;  p-CH|C^SOgNHPO(OH)Br.  yield  crystalline  powder,  m.p. 

137-140"  (begins  to  sinter  at  182T). 

Found  *7a:  Br  24.98.  Equivalents  after  hydrolysis  3.00.  C2H2S04NFBr.  Calculated  <7o:  Br  25.44.  Equivalents 
after  hydrolysis  3.00. 

p-Tolylsulfcnamldophosphoric  acid,  p -CH^tHtSO;NHPO(CM)8,  yield  89.0<5i>,  fine  cubic  crystals,  m-p.  151-153*. 
Found:  equiv.  2.00.  C^Hj^SO^NP.  Calculated:  equiv.  2.00. 

g  -NaphfiiyliulfauuTBdophosphoryl  dibromide,  a -CioHtSOjNHPOBT},  yield  84.7*^>,  fine  prisms,  m.p.  131-134* 
(begins  to  sinter  at  126*). 

Found  *7o:  Br  38.27.  Equivalents  after  hydrolysis  3.97.  CnHgSPtNPBrj.  Calculated  %  Br  38.69.  Equivalents 
after  hydrolysis  4.00. 

g-Naphthylsulfaianddopho^horyl  monobromide,  a -CMHTSOtNHPO(OH)Br.  yield  77.1*7),  prisms,  m.p.  127-130* 
(begins  to  sinter  at  122*). 

Found ‘7a  Br  22.31.  Equivalents  after  hydrolysis  3.00.  Cj^iHfSQiNPBr.  Calculated  *70:  Br  22.82.  Equivalents 
after  hydrolysis  3.00. 

g  -Naphthylsulfaianfldophospharic  acid,  a -CtjHTSOtNHPO(OH)t,  yield  74.5*7),  fine  prisms,  m.p.  159-161*. 

Found:  equiv.  2.01.  CjgHgSC^NP.  Calculated:  equiv.  2.00. 

B  -Naphthylsulfaiairido^osphoryl  dibromide.  fl  -CtgH7S02NHP0Br2.  yield  80.4*7),  prisms,  m.p.  161-16?  (begins 
to  sinter  at  159*). 

Fcamd  <7cc  Br  38.63.  Equivalents  after  hydrolysis  3L 94.  CnHfSO^NFBrj.  Calculated  <7flc  Br  38.69.  Equivalents 
after  hydrolysis  4.00. 


B  -Naphtfaykilfonanidophosphotyl  monobromlde,  3  -Ci^7S02NHP0(0H)Br,  yield  89.7  %  prisms.  m.p.  163.-165*. 

Found ‘^o:  1^  22.76.  Equivalents  after  hydrolysis  3.03.  C|0HfSQ|NPBr.  Calculated  Br  22.86.  Equivalents 
after  hydrolysis  3.00. 

3  -Naphdi^sulfonamidophosphotic  acid,  3  -CjgHfSOjNHPCXOH):.  yield  84.0*^),  fine  prisms,  m.p.  174-175*. 

Found:  equiv.  2.00.  CtoHi0SOsMP.  Calculated:,  equiv.  2.00. 

SUMMARY 

k 

The  acidolysis  of  tribromophosphazosulfonaryls  with  formic  acid  was  studied.  The  acid  dlbromides.  moDobrom- 
ides  and  h:ee  ayisulfonamidophosphoric  adds  were  prepared  and  described. 
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THE  OXIDATION  OF  BENZALDEHYDE  AND  BENZYL  CHLORIDE  WITH  PERHYDROL 

V.  P.  Golendeev 


The  purpose  of  the  present  work  was  the  possible  rapid  oxidation  of  benzaldehyde  and  benzyl  chloride  to  benzoic 
acid  and  the  isolation  of  the  latter  in  pure  form.  It  was  revealed  diat  benzaldehyde  and  benzyl  chloride  are  very 
rapidly  oxidized  to  benzoic  acid  by  perhydrol  in  alkaline  medium  in  the  presence  of  a  small  amount  of  potassium 
permanganate  as  catalyst  The  reaction  is  completed  in  approximately  an  hour  if  the  perhydrol  is  added  diopwise  to 
the  reaction  mixture.  The  formation  of  a  clear  solution  of  the  sodium  salt  of  benzoic  acid  serves  as  the  process  con- 
troL  The  benzoic  acid  is  then  separated  from  the  solution  by  the  addition  of  10  -15^o  hydrochloric  acid,  and  is  re- 
crystallized.  The  oxidation  proceeds  so  vigorously  that  frequently  it  becomes  necessary  to  retard  the  reaction  by  cool¬ 
ing  with  cold  water. 

The  known  method  for  the  pi^paration  of  benzoic  acid  from  benzaldehyde  by  the  Cannizzaro  reaction  of  oxida¬ 
tion-reduction  under  the  influence  of  potassium  hydroxide  [1]  is  also  associated  with  the  formation  of  benzyl  alcohol, 
both  the  latter  and  benzoic  acid  being  formed  in  diis  reaction.  However,  the  oxidation -reduction  reaction  proceeds 
at  a  slow  rate  and  requires  more  than  ten  hours  for  its  completion.  The  proposed  method  for  the  oxidation  of  benz¬ 
aldehyde  and  benzyl  chloride  with  perhydrol  possesses  independent  significance.  This  method  of  oxidation  by  per¬ 
hydrol  with  the  aid  of  a  manganese  catalyst  can  find  use  for  many  oxidation  processes. 

The  role  and  action  mechanism  of  the  manganese  catalyst  in  die  oxidation  reaction  with  perhydrol  is  an  ex¬ 
tremely  interesting  problem.  In  the  literature  it  is  indicated  [2]  that  the  action  of  the  catalyst  essentially  consists 
in  the  transfer  of  oxygen  to  the  substance  being  oxidized  by  the  manganese  oxides  diat  are  formed  under  the  reaction 
conditions.  For  example: 

MujO,  +  HjOj  2MnOi  +  HjO 
2MnOj  +  R— COH  Mn^Oj  +  R-<;CX)H,  etc. 

However,  in  the  deoxidation  of  the  periiydroL  as  can  be  observed  by  the  change  in  the  color  of  the  reaction 
solution  (from  brown  to  green),  apparently  in  the  given  case  the  manganese  oxides  with  a  higher  degree  of  oxidation 
also  participate  in  the  oxidation  process.  For  example: 

MnOj  +  HjOj  MnOj  +  HjO 

MnOj+  C,H6-C0H  MnOi+  C^g-COCMi,  etc. 

It  is  possible  in  this  manner  to  explain  the  extremely  rapid  oxidation  rate  obtained  with  perhydrol  in  the  pre¬ 
sence  of  a  manganese  catalyst. 
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EXPERIMEN  TAL 

In  the  study  of  the  oxidation  reacticxi  with  perhydrol  it  was  necessary  to  establish  the  optimum  conditions  for 
the  process,  and  s{)ecifically,  the  most  suitable  quantitative  proportions  of  reactants  for  a  given  oxidation  time  (45 
minutes)  and  a  given  amount  of  oxidized  substance  (4  g  of  benzaldehyde).  For  this  separate  experiments  were  set  up 
to  determine  die  influence  of  the  amounts  of  perhydrol  and  catalyst  on  the  reaction  rate.  In  the  experiments  to  de¬ 
termine  the  influence  of  the  amounts  of  perhydrol  on  the  oxidation  reaction,  the  benzaldehyde  was  taken  in  an  amount 
of  4  g,  while  the  catalyst  was  taken  in  an  amount  of  0.5  ml  (T^o  aqueous  potassium  permangamite  solution).  The  am¬ 
ount  of  perhydrol  was  varied  from  25  to  40  ml.  Complete  oxidation  was  achieved  in  45  minutes  when  40  ml  of 
oxidizing  agent  was  used  for  4  g  of  substance. 

In  the  experiments  to  determine  the  influence  of  the  catalyst  the  amount  of  catalyst  was  varied  from  0.1  to 
0.5  ml  with  the  amounts  of  benzaldehyde  (4  g)  and  perhydrol  (35  ml)  kept  constant.  Time,  45  minutes.  It  was 
found  that  the  optimum  amount  of  catalyst  was  about  0.3  and  0.4  ml  for  4  g  of  benzaldehyde. 

Parallel  experiments  on  the  oxidation  of  benzyl  chloride  revealed  that  the  perhydrol  is  consumed  twice  as  fast, 
in  which  connection  the  oxidation  time  is  prolonged  3-fold.  On  die  basis  of  the  presented  experiments  on  the  oxida¬ 
tion  of  benzaldehyde  ndth  perhydrol  the  following  method  is  proposed  for  the  preparation  of  benzoic  acid. 
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The  mixture,  composed  of  4  g  of  benzaldehyde,  5  g  of  50‘7o  potassium  hydroxide  solution  and  0.3 -0.4  ml  of 
catalyst  (an  aqueous  potassium  permanganate  solution),  is  charged  into  a  flask  fitted  with  a  reflux  air  condenser 
and  a  dropping  funnel,  the  latter  contiiining  35  ml  of  perhydroL  The  perhydrol  is  added  dropwise  to  the  reaction 
mixture.  The  reaction  begins  In  die  cold  and  proceeds  with  great  vigor.  Already  within  40-45  minutes  the  benzalde¬ 
hyde  is  almost  completely  oxidized  to  benzoic ’acid  and  the  reaction  solution  becomes  clear.  The  unreacted  benz  ¬ 
aldehyde  is  removed  by  heating  the  reaction  mixture  at  the  boil  until  the  odor  of  benzaldehyde  has  disappeared.  The 
obtained  benzoic  acid  is  precipitated  by  the  addition  of  10-15^o  hydrochloric  acid,  filtered,  and  recrystallized  from 
alcohol;  The  yield  is  about  4  g.  The  melting  point  of  the  dJtained  benzoic  acid  is  12T. 

SUMMARY 

1.  A  new  method  Is  proposed  for  die  oxidation  of  organic  compounds  with  perhydrol  in  the  presence  of  a 
mangaitese  catalyst. 

2.  On  the  basis  of  this  proposal  a  method  was  developed  for  obtaining  benzoic  acid  by  the  catalytic  oxidation  of  • 
benzaldehyde  and  bemtyl  diloride  wldi  perhydrol. 

3.  The  given  method  has  an  advantage  over  other  mediods  in  the  oxidation  rate,  simplicity,  and  reaction 
efficiency. 
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SALTS  OF  2-NITRO-1.3-INDANDIONE  OXIME 


V.  N.  V  itol  and  G.  Ya.  V  anag 

Nitroindandione  oxime  (I)  had  already  been  obtained  earlier  by  the  action  of  hydtoxylamine  on  2-nitto-l,3  - 
indandione.and  its  properties  had  been  partially  studied  [1,  2J.  Nitroindandione  oxime  is  a  yellow  crystalline  sub¬ 
stance  with  m,p.  152-153".  At  room  temperatme  it  is  slightly  soluble  in  water  and  in  organic  solvents;  its  solubility 
is  noticeably  increased  on  heating. 

CO^  CO.  COH 

C=N-OH  CHNOj  =?=  CjH*'.  C-NO, 

o 

NOH  NOH  NOH 

(la)  (I)  (Ib) 

Nitroindandione  oxime  is  a  fairly  strong  acid  and  consequently  readily  lends  itself  to  salt  formation.  Since  the 
nitroindandione  salts  possess  certain  valuable  analytical  properties  it  appeared  interesting  to  study  the  manner  in  which 
these  properties  ate  changed  by  the  introduction  of  the  oxime  group  into  the  nitroindandione  molecule.  Although  the 
nitroindandione  oxime  molecule’,  has  two  hydrogen  atoms  that  are  capable  of  being  replaced  by  metal,  nevertheless, 
nitroindandione  oocime  for  the  most  part  behaves  as  a  monobasic  acid.  If  salts  widi  two  univalent  metal  atoms  are 
formed  by  the  action  of  excess  alkali,  then  they  are  unstable  and  their  isolation  in  the  pure  state  proved  impossible. 

Also  still  unanswered  remains  the  question  of  the  form  in  which  the  nitroindandione  oxime  lends  itself  to  salt 
fcarmation.  Fcx,  in  addition  to  structure  (I),  the  oxime  can  also  react  in  the  form  df  the  nitronic  acid  (la)  a.nd  in  the 
enol  form  (Ib).  The  nitroindandione  salts  for  the  most  part  are  daived  from  the  nitronic  acid  form  [6,  7] ,  but  with¬ 
out  sufficient  evidence  it  is  impossible  to  transfer  this  to  the  nitroindandione  oxime.  It  is  characteristic  that  the  sod¬ 
ium  and  potassium  salts  of  the  nitroindandione  oxime,  especially  if  an  excess  of  alkali  or  methylate  is  used,  can  be 
obtained  as  red  crystals;  however,  these  red  salts  are  unstable  and  tiiey  quickly  transform  into  stable  yellow  salts ,  the 
color  of  which  differs  but  sUgJitly  from  the  color  of  the  nitroindandione  oxime.  Other  colorless  cations  give  only  the 
yellow  salts. 

Many  of  the  nitroindandione  oxime  salts  proved  to  be  quite  difficultly  soluble  in  water  and  in  alcohoL  Thus, 
fct  example,  die  solubility  of  the  sodium  and  potassium  salts  in  cold  water  is  approximately  0.5®/o,  while  in  alcohol, 
it  is  even  less.  The  solubility  of  the  ammonium  salt  in  water  is  only  about  0.2%.  The  magnesium  salt  crystallizes 
with  7  mols  of  water  and  its  solubility  in  water  is  approximately  0.5%. 

It  appeared  desirable  to  pepare  some  other  more  readily  soluble  salt  of  the  nitroindandione  oxime,  which  could 
be  used  as  a  reagent  for  the  precipitation  of  other  salts.  For  this  the  salts  of  the  nitroindandione  oxime  with  organic 
bases  were  investigated.  For  the  most  part  these  salts  were  pepared  by  the  method  of  treating  the  suspension  of  the 
nitroindandione  oxime  in  water  or  alcohol  widi  the  corresponding  base;  here  the  nitroindandione  oxime,  usually  fail¬ 
ing  to  dissolve  completely,  was  converted  into  the  corresponding  salt.  Heating  on  the  water  bath  accelerated  this 
conversion. 

The  nitroindandione  oxime  salts  with  amines  for  die  most  part  give  well -formed  crystals  with  fairly  sharp  melt¬ 
ing  points.  The  solubility  of  many  of  the  nitroindandione  oxime  salts  with  (xganic  bases  proved  to  be  extremely  low. 
so  that  the  nitroindandione  oximes  can  be  used  for  the  isolation  and  identification  d many  organic  bases.  An  espe  - 
cially  low  solubility  is  shown  by  the  salts  of  pimary  amines,  even  the  first  members  of  the  aliphatic  series.  It  appears 
that  often  these  salts  are  one  of  the  least  soluble  simple  salts  of  these  aliphatic  amines.  The  salts  of  the  secondary 
amines  are  somewhat  more  soluble  in  water.  The  trimethylamine  salt  of  the  nitroindandione  oxime  proves  to  be  very 
slightly  soluble  in  water;  in  contrast,  the  solubility  of  the  triethylamine  salt  in  water  is  about  10%.  Some  of  the 
odier  tertiary  amine  salts  are  also  quite  readily  soluble,  and  also  the  ethanolamine  salts. 

The  piperidine  salt  is  quite  readily  soluble  in  water.  An  excess  of  piperidine,  similar  to  the  alkalies,  gives  an 
orange  solution.  The  pyridine  salt  is  less  soluble,  and  even  less  soluble  are  the  quinoline  and  isoqulnoline  salts  (see 
Table).  Some  of  die  alkaloid  salts  also  possess  a  fairly  low  solubildy. 
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The  nitroindandione  oxime  salts  that  are  readily  soluble  In  water,  for  example,  the  trlethylamine  salt,  give 
precipitates  with  an  extremely  large  number  of  amine  salts  andaher  nitrogen  bases,  which  as  a  result,  can  be  easily 
isolated.  The  salts  dissolve  in  alkali,  giving  orange  solutians,  and  when  they  are  acidified  ^  imchanged  nitroindandi¬ 
one  OKime  is  precipitated. 

If  a  hot  alcohol  solution  of  the  nitroindandione  oxime  is  allowed  to  cool  and  the  resulting  precipitate  is  filtered, 
then  the  filtrate  contains  0.2-0,25^o  of  the  nitroindandione  oxime.  If  a  small  amount  of  base  is  added  to  such  a  solu¬ 
tion,  then  yellow  crystalline  precipitates  are  given  by:  methylamine,  ethylamine,  n-butylamine,  n-iamylamine, 

6 -phenylisopiopylamlne,  cyclohexylamine  and  ethylenediamine,  and  also  by  aniline,  toluidines,  xylidines,  phenyl- 
enediamines  and  other  aromatic  primary  amines;  crystalline  precipitates  are  also  given  by  the  secondary  amines; 
dimethyl-,  n-dipropyl-,  n-dibutyj'-,  diisobutyl-,  diamyl-  and  dicytlohexylamine,  and  also  by  N -methyl-,  ethyl- 
and  propylaniline.  Phenylhydrazine  and  hydrazine  also  give  crystalline  pre  cipitates.  Precipitates  are  not  given  by 
trimethyl-,  triethyl-  and  trllsobutylamine.  by  mono-,  di-  and  triethanolamine,  and  also  by  pyridine,  quinoline,  iso- 
(Onaollne,  quinaldine  and  piperidine. 

TABLE 


Salts  of  Nitroindandione  Oxime  wltii  Amines 


Amine 

Salt  ‘ 

composition 

Melting  point 

Approximate  solubility  of  the 
salt  in  water  at  room  tempera 
hire  (g  in  100  ml) 

found 

calculated 

Methylamine . 

CjgHxiQiN) 

17.67 

;  17.72 

205* 

0.07 

Etiiylamine . 

CnHjaQlN, 

16.94 

16.74 

222-2-24 

0.13 

Propylamine.  . . 

CnHisQjNj 

15.70 

15.83 

226-227 

0.04 

n-Butylamine . 

CuHnQsN, 

15.52  ' 

'  15.05 

210-211 

0.09 

Di  methylamine . 

CuHtAN, 

16.73  i 

1  16.73 

206-207 

0.2 

Diethylamine . 

CiPHaQiNj 

15.18 

15.05 

212-213 

0.3 

Di-n-propylamine . 

CisHjANa 

13.87 

ia69 

224-225 

0.07 

Diisobutylamine . 

CitHoO^N, 

12.33 

12.53 

228  229 

1 

Trimethylamine . 

15.62 

15.85 

>  265 

0.01 

Triethylamine. . 

CtjHnQiNj 

ia9i 

13.68 

80-83 

10 

Triisobutylamine . .  . 

CaHaQ^N, 

10.85 

10.75 

142-143 

0.2 

Ethylenediamine . 

CaHaPiNe 

17.35 

17.80 

j 

0.005 

Aniline . 

CaHiAN, 

14.37 

14.05 

205 

0.05 

p-Toluidine . 

CiaHisQtNs 

13.79 

ia42 

m-Xylidlne . 

ia20 

12.84 

m-Phenylerrediamine  .... 

16.15 

16.15  j 

194 

Benzidine . . 

14.35 

14.35 

Pyridine . 

CiiHjiQiN, 

14.73 

14.74 

223-224  1 

0.1 

Piperidine . 

Ci^HuQjNj 

14.28 

14.43 

183-184 

‘  0.2 

Quinoline . 

CaHiAN, 

12.69 

12.54 

146  ! 

1  0.02 

Isoquinoline . 

CaHaQjN,  ' 

12.73 

12,54 

•  145-146 

0.03 

Conitiine . ' 

i  Ci,HaQ»N, 

12.40 

12.61 

135-136 

0.02 

NictJtine . | 

1 

u 

14.88 

15.23 

1  142-143 

0.01 

If  the  nitroindandione  oxime  salt  with  some  of  the  tertiary  amines  is  heated  for  a  longer  time  in  alcohol  or 
water  solution,  tiien  the  salt  suffers  a  change  and  is  transformed  into  a  less  soluble  substance,  containing  a  consider¬ 
ably  larger  amount  of  nitrogen;  for  example,  the  triisdrutylamine  salt  of  the  nitroindandione  oxime  has  a  nitrogen 
content  of  10.75^,  while  after  it  has  been  boiled  a  substance  is  obtained  with  a  nitrogen  content  of  15.50^<r,  the  iso- 
quinoline  salt  before  boiling  contains  12. 54*70  nitrogen,  after  boiling  tiie  nitrogen  content  is  17.00*70,  etc..  The  nature 
of  tills  transfortnatiaa  has  not  yet  been  determined. 

EXPERIMEN  TAL 

Inorganic  Salts  of  2 -Nitro - 1, 3 -indandione  Oxime 

Sodium  salt  The  finely  divid;ed  nitroindandione  (1.2  g)  was  covered  in  a  porcelain  ditii  with  15  ml  of  freshly 
prepared  2Plo  sodium  methylate  solution.  The  yellow  oxime  was  transformed  into  the  bright  red  sodium  salt.  Stirring 


54B 


was  continued  until  a  completely  homogeneous  mixture  was  obtained.  The  product  was  filtered,  washed  with  alcohol, 
dissolved  in  the  least  possible  amount  of  water,  and  die  sodium  salt  was  precipitated  by  the  addition  of  alcohol  to 
the  filtrate.  Yellow  needles  of  the  monosodium  salt  of  die  nitroindandione  oxime  were  precipitated  from  the  orange - 
red  solution  when  the  alcohol  was  added.  The  compounds  practically  insoluble  la  (uganlc  solvents. 

The  salt  can  also  be  obtained  by  dissolving  the  oxime  in  an  aqueous  solution  of  pure  sodium  hydroxide. 

0.1026  g  sub.;  0.0314  g  Na2S04.  4.129  mg  sub.;  0.429  ml  Nj  (23*.  764  mm).  Fomd'^o;  Na  9.92;  N  12.05. 

C^^^NjNa.  Calculated  ‘^oe  Na  10.08;  N  12.29. 

Potassium  salt  The  nitroindandione  oxime  was  boiled  with  a  l°/o  aqueous  potassium  hydroxide  solution  until 
it  was  almost  completely  dissolved.  The  solutltm  was  colored  orange -red.  Cooling  of  the  filtrate  gave  the  potass¬ 
ium  salt  as  plate  c  rystals.  The  salt  is  practically  insoluble  In  organic  solvenis.  When  heated  In  a  test  tube,  the  dry 
salt  decomposes  with  frothing  and  flashing. 

0.0738  g  sub.:  0.0270  g  KjSQ,.  2.514  mg  sub.:  0.246  ml  Nj  (18*,  749  mm).  Found  K  16.42;  N  11.31. 

CyijO^NjK.  Calculated  K  16.01;  N  11.48. 

Magnesium  salL  A  mixture  of  2  g  of  the  nitroindandione  oxime  and  1  g  of  m^nesium  oxide  was  covered  with 
water  and  boiled  for  20  minutes.  Part  of  the  substance  dissolved.  Cooling  of  the  filtrate  gave  the  magnesium  salt  as 
yellow  needle  crystals,  containing  7  raWs  of  water  of  crystallization.  On  drying  at  55’,  the  salt  loses  4  mols  of 
water;  at  90-110’,  the  salt  loses  all  of  its  water  of  crystallization.  The  salt  is  practically  insoluble  in  organic  solvents. 

0.2014  g  sub.;  0.0460  g  l^SC^.  2.586  mg  sub.:  0.220  ml  (16“,  767  mm).  0.3914  g  sub.  at  90-110*  the  loss 

in  water  0.0866  g.  Found ‘y<r.  Mg  4.62;  N  10.14;  H,0  22.13.  Cj^j^CV^^Mg*  7H*0.  Calculated  <7«  Mg  4.34; 

N  10.01;  HjO  22.50. 

Ammonium  salt.  The  nitroindandione  oxime  dissolves  with  difficulty  in  concentrated  ammonia  on  heating. 
From  the  yellow  solution  on  cooling  the  ammonium  salt  precipitates  as  needle  crystals  with  m.p.  215-217*.  The 
salt  can  be  recrystallized  from  alcdioU  in  other  organic  solvents  the  salt  is  practically  insoluble.  On  boiling  in 
glacial  acetic  acid  the  salt  decomposes:  the  solution  acquires  a  dark  brown  color,  and  neither  the  ammonium  salt 
nor  the  nitroindandione  oxime  can  any  longer  be  isolated  from  this  solution. 

4.014  mg  sub.;  0.615  ml  (13*.  773  mm)..  Found  o/x  N  18.61.  CjH^N,.  Calculated  °/x  N  18.84. 

Organic  Salts  of  Nitroindandione  Oxime 

These  salts  were  usually  prepared  by  treating  a  suspension  of  the  nitroindandione  oxime  in  alcohol  or  water 
with  the  corresponding  amine,  or  by  die  method  of  precipitating  the  amine  salt  with  some  other  mme  soluble  nitro¬ 
indandione  oxime  salt,  for  example,  the  triethylamine  or  sodium  salt,  so  that  for  the  sake  of  illustration  we  will  limit 
ourselves  to  only  a  few  examples.  The  analysis  results,  melting  points,  solubility,  etc.,  are  given  in  the  Table. 

Methylamine  salt,  a)  A  mixture  of  1  g  of  nitroindandione  oxime,  15  ml  of  alcohol  and  a  sli^t  excess  ai 
aqueous  Z2P!o  mediylamlne  solution  was  heated  to  the  boll  on  the  water  bath  and  then  allowed  to  stand  until  the 
following  day.  All  of  the  nitroindandione  oxime  was  transformed  into  the  yfeUow  methylamine  salt.  The  salt 
crystallizes  from  water  in  the  form  of  needles.  It  Is  more  difficultly  soluble  in  alcdiol  dian  in  water,  and  is  practi¬ 
cally  insoluble  In  odier  corganic  solvents. 

b)  To  an  aqueous  solution  of  methylamine  hydrochloride  was  added  an  aqueous  solutian  of  the  triethylamine 
salt  of  the  nitroindandione  oxime.  The  light  yellow  crystalline  methylamine  salt  of  the  nitroindandione  oxime  was 
obtained  in  this  manner. 

Triethylamine  salt,  a)  To  a  suspension  of  5  g  of  flie  nitroindandione  oxime  in  alcohol  was  added  4  ml  of  trl- 
efriylamine  and  the  mixture  heated  on  die  water  bath.  The  oxime  almost  completely  dissolved  to  give  a  yellow  solu¬ 
tion.  Ether  was  gradually  added  to  the  cooled  filtrate.  The  trlediylamlne  salt  was  ditained  as  U^t  yellow  needle 
crystals. 

b)  The  nitroindandione  oxime  was  suspended  in  water  and  an  excess  of  triethylamine  was  added.  The  oxime 
went  into  solution.  With  slight  heating  more  of  the  nitroindandione  oxime  was  added  to  the  solutian  until  it  began  to 
dissolve  with  difficulty.  On  the  following  day,  the  light  yellow  crystals  of  die  triethylamine  salt  were-  isolated  from 
the  filtered  solution. 


SUMMARY 

A  number  of  inorganic  and  organic  salts  of  2-nitro-l,3-indandione  oxime  were  prepared.  Many  organic  bases 
with  nitroindandione  oxime  give  slightly  soluble  salts,  which  fact  can  be  used  for  the  isolation  and  identification  of 
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varitjus  amines.  The  salts  of  primary  aliphatic  amines  ate  characterized  by  a  low  solubility.  The  salts  of  secondary 
amines  are  somewhat  more  soluble.  The  salts  of  tertiary  amines  are  even  mae  soluble.  An  exception  is  die  trl- 
methylamine  salt  which  has  a  very  poor  solubility,  whereas  the  triethylamine  salt  is  one  of  the  most  soluble  salts  of 
nitroindandione  cocime.  The  salts  some  of  the  heterocyclic  compounds  and  alkaloids  are  characterized  by  a  fairly 
low  solidiility. 
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2-NITRO-l.  3-INDANDIONE  AZINE 


G.  Ya.  Vanag  and  M.  A.  Matskanova 


Hydrazine  has  two  primary  amino  groups,  and  the  amines,  especially  primary  amines,  with  2-nitro-l,3-indandi- 
one  (I)  give  slightly  soluble  crystalline  salts  [1-4];  consequently,  if  a  solution  of  the  hydrazine  salt  is  added  to  a  solu¬ 
tion  of  the  nitroindandione  diere  is  obtained  a  yellow  crystalline  precipitate.  Depending  on  the  conditions,  it  is  possi¬ 
ble  to  obtain  the  hydrazine  nitroindandicmates  with  either  one  or  two  moles  of  the  nitroindandione.  When  heated  the 
precipitate  goes  into  solution,  but  on  boiling  the  yellow  solution  it  first  begins  to  turn  orange,  and  then  red.  and  on 
cobling  an  orange  -red  precipitate  is  obtained.  The  same  thing  also  happens  in  alcohol  solutitxi. 

^CHNOj  ^CHNOj  OjNHC^ 

^CO 

(I)  (H) 

The  nitroindandione  (I)  contains  two  carbonyl  groups,  and  hydrazine,  as  is  known,  readily  condenses  with  such 
compounds,  forming  the  corresponding  hydrazones;  consequently,  here  also  we  could  expect  the  formation  of  the  nitro¬ 
indandione  hydrazone.  However,  it  was  revealed  that  in  an  acid  solution  with  an  excess  of  the  nitroindandione  tire 
nitroindandione  azine  (11)  is  always  formed,  as  is  also  frequently  observed  in  die  case  of  other  ketones.  Under  no  cir¬ 
cumstances  were  we  able  to  condense  both  of  the  keto  groups  in.  the  nitroindandione  with  hydrazine,  similar  to  the 
situation  with  hydroxylamine  where  only  the  nitroindandione  monoxime  is  always  formed  [51 

Nitroindandione  azine  is  an  orange -red  substance  and  melts  at  225-230"  (with  decompn.).  Under  rapid  heating 
the  dry  substance  decomposes  violently  with  frothing.  Nitroindandione  azme  is  somewhat  soluble  in  water,  acetate 
end  formic  acid,  and  slightly  soluble  in  other  organic  solvents.  The  azine  can  be  precipitated  from  its  acetone  solu¬ 
tion  with  petroleum  ether.  From  aqueous  solutions  tie  azine  can  be  precipitated  by  different  inorganic  salts.  For  ex¬ 
ample,  sodium  chloride  completely  precipitates  the  azine  from  a  water  solution,  in  which  connection  a  finely  crys¬ 
talline  red  precipitate  with  m.p.  287-290*  is  obtained,  containing,  besides  die  nitroindandione  azine,  also  sodium 
diloride  and  water,  and  correspctding  to  the  formula  C^HigOgNt '  NaCl  •  2H2O.  The  substance  on  drying  loses  its 
water  of  crystallization.  The  azine  can  also  be  precipitated  with  concentrated  mineral  acids. 

The  azine  is  readily  soluble  in  dUute  alkalies,  forming  yellow  solutions;  when  these  solutions  are  acidified  the 
unchanged  azine  is  recovaed.  From  this  it  follows  that,  together  with  the  nitro  group,  die  active  hydrt^en  grouping 
is  retained. 

When  reduced  with  zinc  dust,  the  solution  of  the  azine  in  glacial  acetic  acid  gives  a  purple  color  with  bindone. 
which  indicates  reduction  of  die  nitro  group  to  the  amino  grocip  [6].  Only  jdidialic  acid  was  obtained  when  the  azine 
was  subjected  to  oxidation. 

The  nitroindandione  is  readily  bromlnated  [1]  with  the  formation  of  2-bromo-2-nitro-l,3-indandione  (HI). 

It  was  revealed  that  the  nitroindandione  azine  is  also  readily  brominated  with  the  formation  of  the  bromonitroindandi- 
one  azine  (IV).  The  validity  of  the  given  formula  is  confined  by  the  fact  that  the  same  substance  is  also  obtained 
by  the  action  of  hydrazine  on  the  bromonitrbindaridione  (III). 

CO  C==N - N 

^CBrNOj  ^CBrNOj  OjNBrC^ 

^CO^  ^CO^  ^OC^ 

(m)  (IV) 

The  bromonitroindandione  azine  (IV)  is  a  yellow  substance  with  m.p.  218*.  The  bromine  atom  in  the  molecule 
is  extremely  labile  and  in  many  respects  is  reminiscent  of  the  bromine  atom  in  the  bromonitroindandione.  Thus,  for 
example,  a  suspension  of  the  bromonitroindandione  azine  in  water  acquires  the  odor  of  hypolnomous  acid,  and  sep¬ 
arates  iodine  from  potassium  iodide  solution.  Vapors  with  an  acrid  odor  (bromonitromediane)  are  evolved  when  the 
bromonitroindandione  azine  is  heated  In  concentrated  sulfuric  acid,  and  needles  of  phthalic  anhydride  sublime  on  the 


walls  of  the  test  tube.  When  heated  in  xylene  or  nitrdsenzene  ihe  bromonitroindandione  azine  decomposes  to  ninhydr- 
in  (indantrione  hydrate),  the  same  thing  as  happens  with  tiie  bromonitroindandione  [71  The  bromonitrometiiane, 
which  is  also  formed  in  the  decomposition  of  die  bromonitroindandione  [81  distills  off  when  the  solvent  is  removed 
by  steam  distillatioiL 

Since  hydroxylamine  in  acid  solution  gives  only  the  yellow  nitroindandione  oxime  [5J,  and  its  presence  with  an 
excess  of  the  nitroindandione  fails  to  interfere  with  the  formation  of  the  orange -red  nitroindandione  azine,  this 

reaction  can  be  used  for  detecting  hydrazine  in  the  presence  of  hydroxylamine,  for  which  up  to  the  present  there  fail 
to  exist  any  specific  color  reactions  [91.  A  detailed  description  of  this  analytical  use  for  the  nitroindandione  will  be 
given  separately. 

EXPERIMENTAL 

2-Nitro-l,3-indandione  azine.  To  a  solution  of  3.8  g  of  the  nitroindandione  in  100  ml  of  ethyl  alcdiol  was 
added  a  saturated  aqueous  solution  of  1.4  g  of  hydrazine  hydrochloride.  The  precipitated  hydrazine  nitroindandione 
salt  was  not  separated,  but  instead  the  v^ble  flask  contents  was  heated  on  the  water  bath  for  1  hour.  The  nitroindan¬ 
dione  azine  (11),  a  dark  red-brown  amorphous  substance,  was  obtained  on  cooling.  For  its  purification,  the  azine  can 
be  dissblved  in  hot  acetone  (approximately  1  g  of  substance  dissolves  in  200  ml  of  acetone)  and  then  precipitated  by 
the  additloa  of  petroleum  ether  to  the  cooled  solution.  M.p.  225-230*  (with  decompn.). 

5.300  mg,  5.157  mg  sub.;  0.666  ml  Nj  (14*.  758  mm).  0.649  ml  Nj  (15*.  755  mm).  Found  <5():  N  14.90,  14.82. 
Calculated  <70:  N  14.81. 

The  precipitated  azine  was  boiled  with  water  and  filtered.  To  the  clear  orange -red  solution  was  added  a  satura¬ 
ted  solution  of  table  salt  until  a  permanent  cloudiness  was  obtained.  On  the  following  day  the  orange  -red  precipitate 
was  filtered  and  washed  with  a  small  amount  of  extremely  dilute  sodium  chloride  solution.  M.p.  287-290*. 

4.029  mg  sub.:  1,243  mg  AgCL  0.6598  g  sub.;  weight  loss  rai  drying  at  100 -HO*  0.0490  g.  Found  ‘7o; 

Cl  7.64:11,0  7.4a  C,^„0,1^4*NaCl *211,0.  Calculated  <7o;  a  7.50;  Hp  7.62. 

2-Bromo-2-nitro-l,3-indandione  azine.  a)  To  a  suspension  of  1  g  of  die  nitroindandione  azine  in  50  ml  of 
glacial  acetic  acid  with  stinlng  bromine  was  added  from  a  dropping  funnel  until  decolorization  ceased.  The  mix¬ 
ture  was  heated  and  the  precipitate  went  into  solution.  Lemon-yellow  crystals  of  the  2-bromo-2-nitro-l,3-lndandiane 
,  azine  (IV)  gradually  deposited  from  the  clear  orange -red  solution.  After  recrystaUization  from  bromobenzene,  m.p. 

1. 

'  \  6.043  mg  sub.;  0.550  ml  N,  (13*,  733  mm).  0.2620  g  sub.;  0.1859  g  A^r.  Found  N  10.48;  Br  30.18. 

CjsHgO^l^^Br,.  Calculated  N  10.45;  Br  29.82. 

b)  To  1  g  of  the  bromonitroindandione  in  5  ml  of  anhdrous  alcohol  was  added  3  drops  of  hydrazine  hydrate. 

A  vigorous  reaction  ensued  and  the  bromonitroindandione  azine  was  obtained  as  a  yellow  precipitate.  After  re- 
crystallizationffrom  bromobenzene.  m.p.  218-219*.  The  mixed  melting  point  witii  the  compound  prepared  by  method 
*£’  failed  to  show  a  depression. 

Cleavage  of  2-bromo-2-nitro-1.3-indandi(me  azine.  A  mixture  of  0.5  g  of  the  2-brOTio-2-nitro-l,3-indandione 
azine  and  30  ml  of  xylene  was  heated  under  reflux  for  1  hour.  The  precipitate  dissolved,  giving  an  orange -red  solu¬ 
tion.  To  it  was  added  an  equal  volume  of  water  and  the  xylene  was  steam  distilled.  The  distillate  had  the  acrid 
odor  of  bromonitromethane.  The  liquid  remaining  in  the  flask,  gave  a  purplidi  blue  color  with  glycine  (ninhydrin 
reaction). 

SUMMARY 

2-Nitro-l,3-indandlone  with  hydrazine  salts  in  aqueous  or  alcohol  solution  gives  the  orange-red  azine. 
Hydroxylamine  under  the  same  conditlotts  gives  only  a  yellow  oxime,  so  that  tiiis  reactian  can  be  used  as  a  color 
reaction  for  the  detection  of  hydrazine  in  rfie  presence  of  hydroxylamine. 

The  bromination  of  2-nitro-l,3-indandione  azine  gave  the  yellow  2-bromo-2-nitro-l,3-indandione  azine. 

The  same  substance  was  also  obtained  by  the  action  of  hydrazine  on  2-bromo-2-nitro-l,3-indandione. 
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REACTION  OF  BUTYL  ALCOHOL  WITH  CARBON  DIOXIDE  IN  THE 
PRESENCE  OF  CHROMIC  OXIDE  ON  ALUMINUM  OXIDE 

Yu.  K.  Yuryev,  L.  I.  Khmelnitsky  and  E.  G.  Treshchova 

Carbon  dioxide  at  elevated  temperature  in  the  presence  of  catalysts  can  behave  as  a  mild  oxidizing  agent. 

Thus,  in  the  presence  of  vanadium  pentoxide  or  its  mixture  with  molybdic  anhydride  at  400-500“  the  action  of  car¬ 
bon  dioxide  resulted  in  the  oxidation  of  anthracene  to  andiraquinone.  of  ethylene  to  formaldehyde,  and  acetylene  to 
acetaldehyde  [1>,  ihethe  presence  of  metal  catalysts  (Ag.  Cu.  or  their  alloys)  methane  was  oxidized  to  mefliyl  alcohol 
and  formaldehyde  [2]. 

This  type  of  reaction  is  related  to  the  conversion  of  meihane  under  die  influence  of  carbon  dioxide,  leading 
to  the  formation  of  carbon  monoxide  and  hydrogen  £3,  4,  5];  CU*  +  COj  2CO  +  2H2.  It  was  shown  [6]  that  in 
the  presence  of  nickel  on  aluminum  oxide  or  vanadium  pentoxide  at  500-650*.  carbon  dioxide  also  operates  in  a 
similar  marmer  on  n-butane:  CHgCHjCHjCH^  +  300^  -*■  SCO  +  3Hj  +  CH4.  It  was  established  [7]  that  in  the  con¬ 
tact  of  a  mixture  of  1 -butene  and  carbon  dioxide  widi  chromium  oxide  catalysts  at  500-650“  there  occurs  dehydro¬ 
genation  to  1,3 -butadiene  and  conversion  of  the  butene:  C4Hg  +  4CO2  -h-  SCO  +  4H2,  and  also  the  reduction  of 
carbon  dioxide  by  hydrogen:  CO2+  H2  ”*■  CO+  H2O. 

In  the  detailed  study  of  the  oxidation  of  alct^iols  by  carbon  dioxide  in  the  presence  of  oxide  catalysts  at  350- 
600“  it  was  shown  that  for  isoamyl  alcohol  die  principal  course  of  the  reaction  was  one  of  oxidation  to  isovaleraldehyde 
and  isovaleric  acid  [8,  9,  10]: 

1)  RCHgOH  +  CO2  RCHO  +  HCOOH; 

2)  RCHO  ^  >■  [rCHCT  ££2^  RCOOH+HCOOH;  3)  HCOOH  CO2  +  Hg. 

L  ^OH_i 

In  the  jxesent  work,  we  studied  die  reaction  of  n-butyl  alcohbl  with  carbon  dioxide  in  the  presence  of  chromic 
oxide  on  aluminum  oxide  at  SO])?*.  'I'he  main  reaction  product  proved  to  be  a  mixture  of  1 -butene  and  2-butene  (7:3), 
the  yield  of  which  was  40%.  A  small  amount  (>*«1%)  of  1,3 -butadiene  was  detected,  and  also  some  ethylene  and  propyl¬ 
ene  (—5%).  The  liquid  catalyzate  contained  unsaturated  acyfclic  hydrocarbons  with  5,  6,  7,  8  and  9  carbon  atoms,  of 
both  the  ediylene  and  diene  type,  the  latter  containing  conjugated  double  bond  systems,  and  also  benzene,  toluene, 
ethylbenzene  and  xylene.  The  isomeric  pentenes  were  present  in  the  greatest  amount  (~4(]%  of  the  total  amount  of 
liquid  hydro carbcHi  mixmre). 

An  increase  in  the  length  of  the  4 -carbon  chain  proceeded  on  die  basis  of  the  carbon  dioxide,  72%  of  which 
underwent  reaction,  in  which  connection  an  extremely  small  amount  of  carbon  monoxide  was  formed.  This  process 
is  reminiscent  of  the  hydroctmdensation  of  olefins  with  carbcn  monoxide,  realized  by  Ya.  T.  Eidus.  N.  D,  Zelinsky  and 
K.  V.  Puzitsky  [11,  12.  131  and  consisting  in  the  successive  lengthening  of  the  olefin  molecule  by  the  free  methylene 
radicals,  formed  from  the  carbon  monoxide  and  hydrogen  present  in  the  reaction  mixture. 

The  startii^  link  in  our  process  is  the  1 -butene  molecule  at  the  moment  of  its  formatitai  in  the  dehydration  of 
butyl  alcohol.  Parallel  witii  fliis,  the  alcohol  is  dehydrogenated  to  butyraldehyde  and  die  carbon  dioxide  is  reduced 
by  hydrogen  to  carbon  monoxide  and  then  to  the  mediylene  radical.  The  latter  effects  an  increase  In  the  length  of 
the  carbon  chain  of  the  butene  molecule,  then  of  the  resulting  pentene,  etc.. 

CHJCH2CH2CHO  4-S*-  CH,CH2CH2CH20H  CH,CH2Ctt=CH2 

CO2+  3H2  CH2<+  2H2O 

+  CH  4*  CH  < 

CHgCHiCH=CH2  - ^  CHsCH2CH2CH=CH2  — CH3CH2CH2CH2CH=CH2.  etc. 

The  action  of  the  methylene  radicals  on  1.3-butadiene,  die  dehydrogenation  product  of  the  butene,  also  resul¬ 
ted  in  an  increase  in  the  length  of  the  carbon  chain  wldi  the  formatian  of  pentadiene,  and  dien  of  hexadiene  and  the 
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other  dienes  with  a  greater  number  of  carbon  atoms.  The  presence  in  the  catalyzate  of  dienes  with  a  conjugated  sys¬ 
tem  of  double  bonds  is  linked  with  the  catalytic  isomerization  of  dienes  [14].  possessing  (by  die  conditions  for  their 
formation  during  hydrocondensation)  isolated  double  bonds: 

CH3j=CH-CH=CH,  CHf:CH-CHi-CH=CHj  CH^CH~CH=CH-CHj 

CH3-CH=CH--CK=CH-CHs 

CH^H-CH=CH,  GHrCH-CHj-CHj-at-CHj 

^  CHj=CH-Ctt=CH“CHj-CH3 

The  resulting  butyraldehyde  was  then  decomposed  by  die  usual  scheme:  C3H7CHO  CjHj  +  CO.  We  will 
mention  that  the  framation  of  butyraldehyde  from  butyl  alcohol  is  associated  for  the  most  part  with  catalytic  dehydro¬ 
genation.  and  to  a  considerably  lesser  degree  widi  the  oxidation  by  carbon  dioxide.  In  the  latter  case,  in  accord  with 
the  scheme  of  A.  M.  Rubinshtein,  the  carbon  dioxide  should  be  almost  completely  recovered.  This  failed  to  occur  in 
out  experiments:  only  28^  of  the  carbon  dioxide  taken  for  reaction  was  recovered  from  the  reaction. 

The  carbon  dioxide  could  have  also  been  transformed  as  die  result  of  the  butene  conversion:  C4H|  +  4CO2  -*• 
SCO  +  4Hj.  The  conversion  of  the  butene  could  have  also  proceeded  under  the  influence  of  die  water,  formed  in 
the  dehydration  of  the  alcohol  and  in  the  reduction  of  the  carbon  dioxide:  C4H|  +  4H2O  4CO  +  SHj.  These  two 
reactions  for  the  butene  conversion,  and  also  the  dehydrogenation  of  butyl  alcohol  to  the  aldehyde,  probably  were  the 
principal  sources  of  the  hydrogen,  which  was  found  in  such  large  amount  in  the  gaseous  products  of  the  reaction  de¬ 
scribed  by  us.  and  which  served  to  reduce  the  fixmed  carbon  monoxide  to  methylene  radicals,  the  latter  effecting  an 
increase  in  the  lengdi  of  the  carbon  chain  for  the  alkenes  and  alkadienes. 

The  formation  of  die  aromauc  hydrocarbons,  found  in  die  catalyzate,  is  associated  with  the  catalytic  aromati- 
zation  of  the  alkenes  and  alkadienes  whose  chain  length  was  at  least  six  carbon  atoms. 

When  butane  and  the  butenes  were  passed  together  with  carbon  dioxide  over  the  same  catalyst  at  550-650*.  the 
only  reaction  products  obtained  by  us  were  the  same  as  those  indicated  in  the  work  of  A.  A.  Balandina,  N.  D.  Zelin¬ 
sky  and  cowoikers  [71 


EXPERIMEN  TAL 


,  Into  the  reaction  tube  with  an  internal  diameter  of  20  mm  was  charged  105  g  (150  ml)  of  chromic  oxide  on 
aluminum  oxide  [15  i.  Two  traps,  cooled  to  “45*.  were  connected  to  the  receiver  fitted  witii  a  reflux  condenser. 
The  butyl  alcohol  (100.0  g)  (1.35  moles)  was  passed  over  the  catalyst  in  a  stream  of  carbon  dioxide  (280  ml/min) 

at  500*  for  2  hours  and  20  minutes.  The  space  velocity  for  adding  the  alcohol  was  0.35  •  Molal 

ratio  CO|:C;iH|OH  7  1.2:1.  The  catalyzate  in  the  receiver  contained  14.9  g  of  dark  oil  and  15.3  g  of  aqueous  layer. 
The  yield  of  the  oil  layer  was  reduced  when  the  reaction  temperature  was  lowered  or  raised.  The  titration  of  10.0 
ml  of  die  aqueous  layer  required  2.1  ml  of  0.1  N  NaOH. 


1.  Gaseous  reaction  products.  The  traps  cnatained  38.8  g  of  reddish  mobile  liquid.  The  hydrocarbons, 
distilling  oi  heating  up  to  +  5*.  were  pasted  through  wash  bottles  containing  bromine.  The  obtained  mixture  of 
bromides  (122.2  g)  was  dried  and  distilled  in  vacuo,  where  the  following  fractions  were  obtained  at  60  mnu 

1st  b.p.  73-80*.  ng  1.5110.  L7569.  3.2  g;  2nd  b.p.  80-82*,  ifl  1.5139,  ^  1.7761,  8.3  g;  3rd  b.p.  82-84*. 

nj  1.5163.  d5“  1.7883,  64.5  g;  4th  b.p.  84-86*.  1.5166,  1.7928,  40.5  g. 

The  residue  from  the  distUlaiion  (5.2  g)  crystallized,-  from  it  was  isolated  3.9  g  of  1,2,3,4-tetrabromobutane 
with  m.p.  117.5*;  the  mixed  melting  point  with  known  l,2.3.4-tetrahromd>utane  remained  constant.  Literature: 

m.p.  lir  [161 


The  constants  for  die  dibromide  fraction  indicated  that  a  mixture  of  die  1,2‘-.  and  2.3-dibromobutanes  was  pre¬ 
sent. 


Literature  data  for  1,2-dibromobutane;  b.p.  165  -166*  (760  mm),  n®  L5144,  (^4*  1.7946  [171  b.p.  86*  (60  mm) 
[18>,  2,3-dibroniobutane;  b.p.  158-158.5*  (760  mm),  ng  1.5120,  1.7852  [171  d.^-form;  b.p.  82*  (60  mm); 

meso-form:  b.p.  78*  (60  mm)  [181 


The  Raman  spectra  of  the  combined  dibromide  fracdons  confirmed  the  fact  diat  diis  mixture  contained  the  1.2- 
and  2,3 -dibromobutanes  (predominatitly  the  first),  and  also  an  extremely  small  amouni  of  1,2-dibtomopropane.  The 
separate  dibromides  were  characterized  by  the  following  Raman  spectra  lines: 


1.2- dibromobutane:  352  (10);  533  (12;  w);  643(100);  8C5(40);  1227  (40);  1270  (6; 
meso-2,3-dibromobutane;  299  (13;  w>,  603  (4);  633  (60);  843  (8);  1152  (12>, 
d,l_-2.3-dibromobutane:  180  (85);  500  (13);  633  (60);  822  (5);  1209  (10); 

1.2- dibromopropane:  299  (13;  w);  462  (13);  533  (12;  w);  562  (2;b);  643  (100);  843  (8). 

As  a  result,  the  gases  condensed  in  the  traps  contained  0.6  g  of  butadiene,  30.5  g  of  a  mixtiue  of  butenes  (the 
yields  were  respectively  and  40“7o  of  theay),  and  a  trace  of  propylene. 

The  gases,  not  condensing  in  the  traps,  were  passed  througji  wash  bottles  containing  bromine.  The  obtained  di¬ 
bromides  distilled  at  57 -ST  (60  mm),  n^  1.5222,  1.9850.  Yield,  14.3  g. 

Literature  data  for  1,2-dibromoethane:  b.p.  130.5“  (758  mm),  n^  1.53891,  dj*  2.1829  [19];  b.p.  57.9*  (60  mm) 
[18];  for  1,2-dibromopropane:  b.p.  14L5“  (770  mm),  ng  1.52006,  d|®  1.9324  [19];  b.p.  66.4*  (60  mm)  [18]. 

The  Raman  spectra  for  this  mixture  of  dibromides  revealed  diat  it  contained  1,2-dibromoethane,  1.2-dibromo¬ 
propane  and  some  1,2-  and  2,3-dibromobutanes.  As  a  result,  the  gaseous  reaction  products  contained  2-3  g  of  mixed 
ethylene  and  propylene  (total  yield-^S"^).  The  separate  dibromides  were  characterized  by  the  following  spectral  lines; 

1.2- dibromoethane:  586  (10);  661  (26);  1258  (1); 

1.2- dibromopropane;  299  (18);  463  (8);  533  (10;  w);  643  (120);  844  (2.5); 

1.2- dibromobutane:  348  (12);  533  (10;  w);  643  (120);  805  (20);  1227  (40);  1270  (4); 
meso-2.3-dibromobutane:  299  (18>,  603  (0.5);  633  (50);  844  (2.5);  1153  (10); 
d,^-2,3-dibromobutane;  180  (80;  w);  496  (10);  633  (50);  822  (1);  1209  (2). 

TABLE  1 


Compound 


In  an  analogous  experiment  the  gaseous  reaction  products,  not  condensing  in  the  traps,  were  collected  in  a  gaso 
meter  over  saturated  sodium  chloride  solution.  31645  ml  (NTP)  of  gas:  CO3  31.8*55),  CO  5.(y7o,  Hj  SO.SPfo,  O2  l.SJUJ), 
CnH^  7.1*^,  4.Q’lo.  As  a  result,  0.45  mole  of  carbon  dioxide  (28*^  of  die  introduced  amount)  failed  to 

I  react. 

2.  Liquid  reaction  products.  The  liquid  reaction  products,  obtained  &om  four  identical  experiments,  were 
examined.  The  residue  (20.6  g)  after  distilling  off  the  condensed  gases,  and  also  die  dried  catalyzates,  were  frac¬ 
tionated  through  a  long  narrow  fractionation  column.  The  following  frattlrais  were  collected: 

1st  b.p.  20-22*  (753  mm),  ng  1.3692,  3.6  g;  2nd  b.p.  22-34*.  ng  1.3837,  15  g;  3rd  b.p.  34-38“,  ng  L3883, 

4.9  g;  4th  b.p.  38-70“,  10.8  g;  5th  b.p.  70-160*.  41,9  g;  viscous  black  residue,  5.3  g. 

A)  The  1st.  2nd  and  3rd  fractions  were  mixtures  of  isomeric  pentenes.  To  10.0  g  of  the  2nd  fraction  in  50  ml 
of  chloroform  at  •“40“  was  added  a  chloroform  solution  of  bromine.  The  obtained  dibromides  (34.8  g)  were  distilled 
in  vacuo  to  give  the  follov^g  fractions  (at  15  mm): 

B.p.  49-57*.  ng  1.5137.  1.6846,  1.2  g;  b.p.  57-64“,  ng  1.5098.  1.6789,  14.3  g;  b.p.  64-70“,  ng  1.5072, 

(f  1.6755.  11.2  g;  b.p.  70.-76“.  ng  1.5080,  (f  1.6741,  5.9  g;  residue.  1.6  g. 

Judging  from  the  constants,  the  collected  fractions  were  mixtures  of  isomeric  bit:  -dibromopentanes.  This  was 
confirmed  by  die  analysis  data  obtained  for  two  of  the  fractions  (b.p.  57-64*  and  64-70*)  by  the  method  of  A.  V. 
Stepanov  [20X 

Found  <55):  Br  69.31,  69.49.  CfH^Bt}.  Calculated  Br  69.50. 

The  literature  data  for  the  isomeric  bis  -dibromopentanes  are  given  in  Table  1. 

TABLE  3 


Boilingjipint 
(750  mm) 


nil  ' 

ti^ 

»• 

iff 

3 

‘1 .1 

1  # 

4-6 

106-111 


116-121 


131-136 


137-140 


Amount  Composition  of  the  fractions  from  the 
(g)  spectroscopic  data 


«**401to  bens^ene 

~30*55>  ccxijugated  diene 
—30*^  alkene 
Traces  >C=0 
~35%  cis -alkene 
trans-alkene 
•^5^5)  toluene 

~3S'55>  conjugated  diene 
'^30*^  cis -alkene 
~70‘^  trans-alkene 
'*•24®^  ethylbenzene 

—34*!^  p -xylene 

^2*^  o -xylene 
^40*55)  conjugated  diene 
—lO*^  etiiylbfenaene 

'«'33f55>  p -xylene 

'-39*55)  o -xylene 


<-16*^  wonjugated  diene 
Traces  >C=0 


Characteristic  spectral  lines  for  the 
quantitative  calculation  of  the  frac¬ 
tion  compositions 


606  (5.5);  850  (1.2);  992  (80);  1175  (4.5); 

1586  (2.5);  1606(2) 

1656  (60>.  1668  (20) 

1643  (26) 

1700  (0.5):  1723  (0.5)  • 

1656  (3)  . 

1668  (5.5) 

217  (10;  w>.  522  (7);  786  (20);  1002  (30); 
1212  (6);  1605  (3) 

1654  (100);  1662  (60) 

1655  (5) 

1670  (12) 

621  (1);  769  (2.5);  970  (1.5);  1000  (6); 
1032  (1.2);  1323  (1) 

307  (3;  w);  460  (5);  643  (2);  808  (2); 

830  (5);  1620  (1) 

584  (0.6);  735  (1);  1052  (0.5) 

1654  (100);  1662  (60) 

622  (0.5);  769  (1.5);  968  (J);  1000  (4); 
1032  (1) 

311  (4;  w);  460  (5);  645  (3);  808  (2.5); 

830  (10);  1202  (2);  1620  (2.5) 

255  (a 5);  505  (1.5);  582  (5);  735  (14); 
1056  (4);  1223  (4);  1605  (1.5) 

1656  (60);  1662  (60) 

1720  (0.6) 


B)  The  5th  fraction  (b.p.  70-160“  at  753  mm)  was  then  redistilled  throng  a  column  having  an  efficiency  of  25 
theoretical  plates;  the  obtained  results  are  given  in  Table  2.  All  of  the  fractions  decolorized  potassium  permanganate 
solution  and  bromine  water,  which  indicated  the  presence  of  alkenes.  Some  high  and  fairly  sharp  maxima  for  the  re¬ 
fractive  indices  Indicated  that  the  catalyzate  also  contained  aromatic  hydrocarbons  —  products  of  the  catalytic  aroma - 
tization  of  the  alkenes:  the  maxima  yfeie  observed  for  those  fractions  whose  boiling  points  corresponded  to  those' of 
benzene,  toluene,  ethylbenzene  and  the  xylenes.  The  Ratnan  spectra  of  these  fractions  were  studied  for  the  elucida¬ 
tion  of  dieir  composition.  Due  to  the  small  amounts  of  the  separate  fractions  it  became  necessary  to  combine  them. 

The  results  of  the  spectroscopic  investigation  aie  given  in  Table  3. 

The  oxidation  of  the  mixture  of  fractions  10-11  with  potassium  permanganate  in  alkaline  solution  yielded  benzoic 
acid;  m.p.  121“.  The  mixed  melting  point  with  known  benzoic  acid  failed  to  show  a  depression.  A  similar  oxidation 
of  die  mixture  of  fractions  21-24  gave  benzoic  acid  (m.p.  121“)  and  terephihalic  acid,  the  latter  identified  as  die  di¬ 
methyl  ester  (m.p.  140-141“).  The  mixed  melting  points  with  known  benzoic  acid  and,  correspondingly,  with  known 
dimethyl  p-phthalate  failed  to  show  a  depression.  The  oxidation  of  the  mixture  of  fractions  26-27  gave  o-phthalic 
acid  identified  as  the  anhydride  (m.p.  130-131“),  and  the  terephthalic  acid,  identified  as  the  dimethyl  ester  (140-141”). 
The  mixed  melting  points  widi  known  o-phthalic  anhydride  and,  correspondingly,  widi  known  dimethyl  p-phthalate 
failed  to  show  a  depression. 

In  fractions  4-6  and  14-16,  which  conespond  to  the  minimum  refractive  indices,  only  alkenes  were  found  to  be 
present.  The  mixture  of  fractions  4-6  should  contain  heptenes;  fractions  14-16  should  crmtain  octettes.  The  refrac¬ 
tive  indices  and  densities  of  these  fractions  lie  close  to  the  values  given  in  the  literamre  fcx  the  heptenes  and  octenes, 
respectively.  In  fractions  3,  10-11,  21-24  and  26-27,  in  addition  to  aromatic  hydrocarbons,  the  fxesence  of  ctmjuga- 
ted  dienes  was  revealed;  this  was  respoisible  for  the  lower  refractive  indices  and  densities  possessed  by  die  indicated 
fractions  when  compared  with  the  same  values  for  the  corresponding  aromatic  hydrocarbons.  Judging  from  the  boil¬ 
ing  points,  fraction  3  should  contain  hexadienes,  fractions  10-11  should  contain  heptadienes,  and  fractions  21-27 
should  contain  the  octadienes  and  nonadienes. 

SUMMARY  , 

1.  The  reaction  of  n-butyl  alcohol  with  carbon  dioxide  at  500“  in  the  presence  of  chromic  oxide  oa  aluminum 
oxide  resulted  in  the  formation  of  unsaturated  acyclic  hydrocarbons  —  the  alkenes  and  alkadienes  widi  a  conjugated 
double  bond  system  —  containing  5.  6,  7,  8  and  9  carbon  atoms,  and  also  benzene,  toluene,  ethylbenzene  and  the  iso¬ 
meric  xylenes  as  aromatiaation  products  of  the  uns&turated  hydrocarbons  widi  six  and  more  carbon  atoms  in  the  straight 
chain. 

2.  The  formation  of  the  unsaturated  acyclic  Cj,  Cp  Cj,  Cg  and  hydrocarbons  is  explained  by  an  increase  in 
the  length  of  the  butene  (formed  in  the  d€hydration  of  n-butyl  alcdiol)  carbon  chain,  and  also  of  butadiene  (formed 
as  the  result  of  butene  dehydrogenation),  by  mediylene  radicals  on  the  order  of  die  hydrocondensation  of  alkenes  with 
carbon  monoxide  in  the  presence  of  hydrogen. 
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ADDITION  OF  HYDROGEN  HALIDES  TO  PIPERYLENE  AND 
REACTION  OF  HALOPENTENES 

A,  N.  Pudovik  and  N.  B.  Sharipova 


The  chemical  properties  of  piperylene,  being  die  simplest  homolog  of  divinyl,  have  as  yet  been  studied  to  an 
extremely  slight  degree.  The  studies  made  by  A.  A.  Petrov  with  cov/orkers  [1]  and  B.  A.‘  Arbuaov  with  E.  G.  Kataev 
[2]  revealed  tiiat  piperylene  enters  quite  readily  into  different  diene  synthesis  reactions.  The  reactions  for  the  addi¬ 
tion  of  different  halogen  denLvatives  to  piperylene  have  been  studied  in  considerably  less  detail.  In  the  literature, 
essentially  there  exist  data  only  on  the  bromhiation  and  chlorination  of  piperylene  [3,  4,  51 

We  began  our  study  on  die  addition  of  different  halogen  derivatives  to  piperylene  vridi  an  investigation  of  die 
addition  of  the  hydrogen  halides  —  hydrogen  chloride  and  hydrogen  bromide.  The  addition  of  hydrogen  chloride  to 
piperylene,  obtained  as  a  by-product  in  die  p-oduction  of  synthetic  rubber,  was  first  made  by  V.  Krauze,  A.  Kogan 
and  A.  Kozlovskaya  [51  However,  due  to  coita mination  of  die  piperylene  with  large  quantities  of  ethylene  hydrocar¬ 
bons,  they  were  unable  to  isolate  die  pure  addition  product  (product  boiled  In  die  range  80-99*).  Improved  rectifica¬ 
tion  methods  now  permit  the  Isolation  of  high  purity  piperylene  from  technical  mixtures. 

Our  method  for  the  addition  of  hydrogen  chl(xide  to  piperylene  was  similar  to  die  one  used  earlier  by  one  of 
us  and  M.  M.  Frolova  [6]  for  divinyl.  2-Chloro-3-pentene  and  2-bronio-3-pentene  are  obtained  In  good  yields  as 
the  result  of  adding  hydrogen  halides  to  piperylene. 

CH/3i=CHCH=CH2  4  HHal  CH,CHHalC»=CHCHj. 

The  presence  and  position  of  the  double  bond  in  2-chloro-3-pentene  was  proved  by  brominatioa  in  chlorofoim 
solution  and  oocidation  with  potassium  permanganate.  The  presence  of  acetic  acid  in  the  oxidation  products  was  de¬ 
monstrated. 


As  was  shown  in  our  previous  studies  [7]  and  the  studies  of  other  investigators  [81  the  allylic halides,  contain¬ 
ing  primary,  as  well  as  secondary  halogen  atoms,  are  quite  reactive  in  different  substitution  reactions.  In  the  case  of 
unsymmetrical  compounds  such  reactions  are  accompanied  ty  ally  lit  rearrangements. 

2-Chloro-3-pentene  also  enters  quite  readily  into  different  reactions.  We  studied  the  hydrolysis  of  2-chloro-3- 
pentene,  and  also  the  action  on  it  of  alcoholic  caustic,  sodioacetoacetic  ester,  salts  of  dialkylphospharaB  acids 
and  the  full  esters  of  phosphorous  acids. 

The  hydrolysis  of  2-chloro-3-pentene  (I)  gave  two  products  —  3-penten-2-ol  (H)  and  the  dipentenyl  ether  (III). 
Apparently,  the  latter  was  formed  in  the  reaction  due  to  interaction  of  3-penten-2-ol  with  still  unhydrolyzed  2-chlaro- 
3-pentene. 


CHjCHC]CH=CHCH,  +  CH,CHOHCH=CHCH,  — 


CHjCHCH-CHCH^ 

O 


(I) 


(H) 


CH,CHCH=CHCH, 


(HI) 


From  the  boiling  point,  the  obtained  3*-penten-2-ol  is  Identical  with  the  product  obtained  earlier  by  Grignard 
horn  cTotonaldehyde  and  methylmagnesium  iodide  [91 

The  action  of  alcoholic  caustic  oi  allylic  halides,  as  was  diown  earlier  by  one  of  us,  is  extremely  sp>ecific  [101 
In  the  case  of  the  action  of  alcoholic  caustic  on  2-chloro-3-i)entene  only  the  simple  ethers,  the  methyl  and  ethyl 
ethers  of  3 -pen ten -2 -ol,  were  Isolated. 


Interesting  results  were  obtained  when  2-chloro-3-peniene  and  2-hromo-3-pentene  were  reacted  with  the  salts 
of  dialkylphosphocois  acids  and  wldi  triethyl  phosphite.  In  the  studies  of  Pudovik  vddi  Aibuzov  [11],  Frolova  [6]  and 
Kovyrzina  [12]  it  was  shown  that  the  reaction  of  salts  c&  dialkylphosphorcus  and  dialkylthiophosphorous  acids  with 
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altylic  halides  leads  to  die  formation  of  phosphonoallyl  compounds  and,  in  some  cases,  to  further  addition  products  with 
the  dialkylphosphoiai  acids  —  the  saturated  diphosphonic  derivatives. 

The  reacticMi  of  2-chloro-3-pentene  with  the  sodium  salts  of  diethyiphosphoBaisand  di-n-butylphosphorous  acid 
proceeds  normally  with  the  formatiai  of  die  corresponding  esters  of  isopentenylphosphonic  acid; 


(RO)jPONa  +  CH,CHC1CH  =  CHCH 


CH,CH=CHCH(CH,)P, 


% 


O 

{OR)i 


The  study  made  by  different  authors  of  the  reactions  of  the  full  esters  of  phosphorcus  acid  with  secondary  satura¬ 
ted  bromides  and  chlorides  revealed  diat  diese  reactions  proceeded  with  extreme  difficulty^  It  is  indicated  by  Ford- 
MoOTe  and  Williams  [13]  that  in  general  such  reactions  fail  to  proceed.  In  2-chloro-3-pentene  we  also  have  a  secon¬ 
dary  halogen  atom,  but  due  to  the  presence  of  a  double  bond  in  the  6,y -position  to  it,  its  lability,  when  compared  widi 
that  of  the  secondary  alkyl  chlorides  and  bromides,  is  cmisiderably  higher.  Actually,  earlier  we  had  been  able, 
although  in  small  yield,  to  realize  reacticxi  between  triediyl  phosphite  and  secondary  me^axychloropentene;  the  reac  - 
tion  proceeded  with  ally  He  rearrangement  [111 


When  triethyl  phosphite  was  reacted  with  2-chloto-3-pentene  and  2-btomo-3-pentene  the  basic  product  ob¬ 
tained  was  diethylphosphoDus  acid.  In  the  case  of  the  2-bromo-3-pentene,  a  small  amount  of  the  diethyl  ester  of 
ethylphosphonic  acid  was  isolated.  Evidently,  in  these  reactions  the  lability  of  the  hklogen  atom  is  still  insufficient 
for  the  substitution  reaction  to  occur,  and  basically  the  reaction  proceeds  in  tlie  direction  of  hydrogen  halide  cleav¬ 
age;  here  the  phosphite  esmr  functions  as  a  base. 

CH,CHHalCH=CHCH,+ PCOCjHj), CH/:tt=CHCH=CH,  +  [HP(OC^6),]f«ar-*>  HOP(OC^),  +  CjHghal. 

Piperylene  was  not  isolated  by  us.  At  the  experimental  temperature (+160*)  it  probably  polymerized:  a  consi¬ 
derable  amount  of  viscous  tar  was  observed  in  the  residue  from  the  distillation. 

Apparently,  the  normal  substitution  reaction  proceeds  only  very  slightly  and  then  only  with  2-bromo-3-pentene. 
This  is  confirmed  by  the  formation  in  the  reattion  of  a  small  amount  of  the  etiiyl  ester  of  ethylphosphonic  acid: 

O 

II 

CHjCH=CHC»r  +  P(OC^),  CHjCH=CHCHP(CX:2H5)j  +  (1) 

CH,  CH, 

O 

C^PCOC^),.  (2) 


Since  die  last  reaction  is  catalytic  in  nature,  then  die  small  amount  of  ethyl  bromide  formed  by  equation  (1) 
is  sufficient  for  the  isomerization  of  considerable  amounts  of  die  phosphite  ester. 


EXPERIMENTAL 

Addltiomof  hydrogen  chloride  to  piperylene.  Into  each  of  two  thick -walled  flasks  was  placed  200  g  of  concen¬ 
trated  hydrochloric  acid,  hydrogen  chloride  was  passed  in  with  cooling  to  saturation,  and  then  to  each  was  added  55  g 
of  piperylene.  The  flasks  were  shaken  at  room  temperature  for  several  hours.  Then  die  top  layer  in  both  flasks  was 
separated,  combined,  washed  with  water,  dilute  soda  solution,  and  again  with  water;  after  drying  over  calcium  chlor¬ 
ide,  the  product  was  distilled  through  a  Widmer  column.  After  several  distillations  there  was  obtained  122  gaf2- 
chloro -3 -pentene. 

B.p.  96-97*.  0.9001,  ng  1.4320,  MR^  30.11;  calculated  29.70. 

0.1391  g  sub.;  0.1904  gAgCL  Found Cl  33.87.  CsH^Ci  Calculated ‘7oc  Cl  33.97. 

Brotninatlon  of  2-chloro-3-penteaie.  To  a  solution  of  11.4  g  of  2 -chloro-3 -pentene  in  carbon  tetrachloride 
with  cooling  was  gradually  added  17.4  g  of  bromine,  also  in  carbon  tetrachloride  solution.  After  standing  for  a  day. 
the  reaction  mixture  was  distilled  in  vacuo.  The  yield  of  2-chloro-3.4-dibromopentane  was  23.g. 

B.p.  65.5-66*  at  3  mm.  ^  1.7860.  ng  1.5288,  MRp  45.66;  calculated  45.68. 

0.1295  g  sub.;  0.2552  g  AgCl  +  2AgPt.  Found  Cl+2Br  74.13.  C^^BtjCL  Calculated  Cl+2Bt73C91. 


562 


Oxidation  of  2-chloro-3-pentEne  with  potassium  permanganate.  Into  a  flask,  containing  400  ml  of  water  and 
12  g  of  2*chloro-3-pentene,  with  constant  mechanical  stirring  was  g^dually  added  50  g  of  powdered  potassium  per¬ 
manganate.  On  conclusion  of  oxidatitm,  the  acetic  acid  in  the  distillate  was  precipitated  as  silver  acetate. 

0.5199  g  sub.:  0.3367  g  Ag.  Found  "/o;  Ag  64. 76.  CjHjOjAg.  Calculated  <5le  A g  64.67. 

Addition  of  hydrogen  bromide  to  piperylene.  Hydrogen  bromide  was  passed  into  a  cooled  solution  of  50  g  of 
piperylene  in  50  g  of  glacial  acetic  acid.  On  reaching  the  necessary  weight  increase  and  after  standing  for  a  day  at 
room  temperature,  the  reaction  mixture  was  treated  with  water  and  dilute  soda  solution.  The  residue  was  twice  dis¬ 
tilled  in  vacuo  at  100  mm  to  remove  hydrogen  bromide.  Final  distillation  throu^  a  Widmer  column  gave  23.7  g  of 
2  -bromo-3-pentene. 

B.p.  116.5"  at  760  mm.  d|®  1.2721.  ng  1.4685.  MR^  32.55;  calculated  32.59. 

0.1528  g  sub.:  0.1928  g  AgBr.  Found  ‘’Ja:  Br  53.69.  C^H^r.  Calculated  <7c:  Br  53.65. 

Hydrolysis  of  2-chloro-3-peniene  with  aqueous  soda  solution.  Fifty  grams  of  calcined  soda  was  dissolved  with 
heating  in  270  ml  of  water,  and  to  the  obtained  solutiax  was  added  50  g  of  the  chloride.  The  reaction  mixture  was 
heated  on  the  water  bath  for  6  houn  with  cmistant  and  vigorous  mechanical  stirring.  Then  the  reaction  mixture  was 
cooled  and  extracted  several  times  with  ether.  The  ether  extract  was  dried  over  fused  sodium  sulfate,  the  ether  dis¬ 
tilled  off,  and  the  residue  fractionated.  After  several  distillations  there  was  obtained  12.8  g  of  3-penten-2-ol. 

B.p.  120-121. 5",  ng  1.4273,  ^  0.8295,  MRj,  26.63;  calculated  26.35. 

In  addition,  there  was  obtained  6.1  g  of  the  dipentenyl  edier. 

B.p.  156-157".  0.8053.  n^  1.4310,  MR^  49.50;  calculated  49.08. 

0.1277  g  sub.:  0.3619  g  CO,;  0.1319  g  Hp.  Found  %.•  C  77.29;  H  11.46.  Ci^HaQ.  Calculated  <70;  C  77.93; 

H  11.62. 

Action  of  KOH  on  2-chloro-3-pentene  in  methyl  and  ethyl  alcdiols.  The  reaction  mixture,  composed  of  18  g 
of  potassium  hydroxide,  80  g  of  dry  methyl  alcohol  and  20  g  of  2-chloro-3-pentene.  was  heated  under  reflux  on  the 
water  bath  for  3  hours.  Then  it  was  treated  with  water  and  extracted  several  times  widi  ether.  After  drying  over 
calcium  chloride  and  distilling  off  the  ether,  the  residue  was  distilled  throu^  a  Widmer  column.  The  yield  of  2- 
penten  -3  -ol  methyl  ether  was  17  g. 

B.p.  88-89'  at  760  mm.  df  0.7663,  nB  1.3948,  MRd  31.28;  calculated  31.08. 

0.1546  g  sub.:  0.4067  g  CO,;  0.1698  g  H,0.  Found  In  C  71.75;  H  12.20.  C^,0:  Calculated  C  72.00; 

H  12.00. 

When  the  reaction  was  run  in  similar  manner  in  ethyl  alcohol  solution  there  was  obtained  12.3  g  of  2-penten- 
3-ol  ethyl  ether. 

B.p.  105-106"  at  760  mm.  df  0.7909*  ng  1.4042.  MRd  35.31;  calculated  35.70. 

0.1248  g  sub.;  0.3370  g  CO,;  0.1379  g  HjO.  Found  %  C  73.64;  H  12.28.  CtH^O.  Calculated  C  73.23; 

H  12.39. 

Action  of  sodium  diethyl  phosphite  on  2-chloro-3-pentene.  To  an  etiier  solution  of  sodium  diethyl  phosphite, 
prepared  from  30  g  of  diethylphosphorois  add  and  5  g  of  sodium,  was  added  20  g  of  2-chloro-3-pentene.  The  reac¬ 
tion  mixture  was  heated  on  the  water  bath  for  3  hours.  A  rapid  deposition  of  sodium  chloride  was  observed.  After 
conclusion  of  reaction  and  distilling  off  the  ether,  die  residue  was  distilled  in  vacuo.  The  yield  of  2-dlediyl|dios- 
phono-3-pentene  was  15  g. 

B.p.  lor  at  14  mm,  ^  1.0010,  nB  1.4338,  MRj)  5a57;  calculated  5^62. 

0.1518  g  sub.:  46.76  ml  NaOH  (T  0.018006).  Found  P  15.36.  C^»0,P.  Calculated P  15.0a 

Action  of  sodium  dlbutyl  |Aioq)hite  on  2-chloro-3-pentene.  To  an  ether  solution  of  sodium  dibutyl  phosphite, 
prepared  from  40  g  of  dibutylphosphorous  acid  and  5  g  of  sodium,  was  added  20  g  of  the  chloropentene.  The  reaction 
was  run  and  the  reaction  mixture  treated  in  the  same  manner  as  in  the  preceding  experiment.  The  yield  of  2-dibntyl- 
phosi^ono-3-pentene  after  distillation  was  19.8  g. 

B.p.  149"  at  10  mm,  c^f  0.9410,  ng  1.4380,  MRd  7a01;  calculated  72.63. 

0.1431  g  sub.;  33.61  ml  NaOH  (T  0.018006).  Found  <^a:  P  1L7L  CuH,,0,P.  Calculated P  11.83. 
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Reaction  of  2-chloro-3-pentene  with  triefliyl  phosphite.  Fourteen  grams  of  triethyl  phosphite  with  11  g  of  2- 
chloro-S-pentene  was  healed  in  a  sealed  tube  at  160"  ftn  16  hours.  Pressure  ?a8 'absent  when  the  tube  was  opened. 
Distillation  in  vacuo  of  the  reaction  mixture  gave  11  g  of  dlediylphosphortusaiid  with  b.p.  73*  at  10  mm.  1.4062, 
and  mimite  amounts  of  lower  and  higher  boiling  fractions.  The  residue  was  a  thick  viscous  mass,  which  decomposed 
wldi  further  heating. 

Reaction  of  2-bromo»-3-pentene  with  tilediyl  pho^ii;||^  Fourteen  grams  of  trlethyl  phosphite  was  heated  with 
10  g  of  2-bromo-3-pentene  in  a  sealed  tube  at  160’  for  16  hours.  After  distillation  in  vacuo  there  was  obtained  9.6 
g  of  diethylphosphacousaiidwifli  b.p.  74-75*  at  13  mm.  nB  1.4090.  (^f  1.0713.  Diethylphosphotous  acid  reacts  violent¬ 
ly  with  metallic  sodium.  From  the  hi^er  boiling  haction  there  was  isolated  a  small  amount  (~2  g)  of  die  ethyl 
ester  of  ethylphosphonic  acid  widi  b.p.  84-85*  at  13  mm,  inert  to  metallic  sodium. 

SUMMARY 

1.  The  addition  of  hydrogen  chloride  and  hydrogen  bromide  to  piperylene  was  studied.  2-Chloro-3-pentene 
and  2-bromo-3-pentene  were  obtained  and  characterized. 

2.  The  hydrolysis  of  2-chloro-3-pentene  gave  3-penten-2-ol  and  the  dipentenyl  ether;  the  action  of  alcoholic 
alkalies  gave  the  mediyl  and  ediyl  ethers  of  3-pentBn-2-oL 

3.  The  action  of  sodium  dlediyl  phosphite  on  2-chloro-3-pentene  gave  the  corresponding  dialkylphosphono- 
pentenes  in  good  yields.  The  reaction  of  triediyl  phosphite  with  2-chloro-3-pentene  and  2-bromo-3-pentene  leads 
to  the  formation  of  diediylphosphoanis  acid  as  the  main  reaction  product. 
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REACTION  OF  DI  -  p  -  A  MI  NOPHEN  Y  L  MERC  URY  WITH  PHENOLS.  XI, 


M.  M.  Koton  and  V.  F.  Martynova 


In  studying  the  tnercuration  of  phenols  with  symmetrical  aromatic  mercury  compounds  It  was  shown  that  the 
reaction  rate  depends  on  the  nature  of  the  substituent,  found  in  the  benzene  nucleus  of  the  organomercury  compound 
[1].  It  was  interesting  to  study  the  mercuration  of  fdienols  widi  di-p-aminophenylmercury,  appearing  as  a  highly  re¬ 
active  compound  [21  The  reaction  was  studied  widi  the  following  phenols;  1)  o-nitrophenol,  2)  p-nitrophenol,  3) 
2.4 -dinitrophenol.  4)  2,4.6-trinltrophenol.  5 )  p-chloropbenol.  6)  2.4-dichlorophenol.  7)  2,4.6 -trichlorophenol.  8) 
p-cresol,  9)  resorcinol,  and  10)phenol.  The  reaction  was  smdied  in  the  temperature  interval  70-150*  in  the  absence 
of  solvents. 

Dl-p-aminophenylmercury  mercurates  the  substituted  phenols  vfith  exceptional  ease,  already  forming  at  70* 
after  heating  for  3  hours  the  mono-,  di-  and  trimercury  derivatives  of  the  phenols,  and  aniline: 

2(H,NC^),Hg«»-  RC^40H  (H,NC,H4HgO,C,H,(OHil+  2C,H5NH,. 

The  presence  of  die  amino  group  in  the  benzene  nucleus  of  the  organomercury  compound  gives  rise  to  coltxed 
mercury  derivatives,  vdiich.  depending  on  the  phenol,  have  an  orgnge,  green  or  blue  color.  Only  the  derivatives  of 
p-cresol  and  phenol  are  colorless.  A  summary  of  the  obtained  compounds  is  given  In  the  Table. 


Names  of  starting  phenols 


p-Nitrophenol . 

o-Nitrophenol . 

2.4 -Dinitrophenol  .  . 
2,4,6-Trinitrophenol 


p-Chlorophenol . 

2,4-DichloiophenoL  .. 
2,4, 6  -Trichlorophenol. 


Resorcinol 

PhenoL  .  . 
p-Cresol  . 


Formulas  of  obtained  compounds 


Structures 


!  (HjNCglVIgajCjHjfOIDNOj 

i 

(H,NCeH4Hg),C,H^OH)NOj 

1  (H,NC,H4Hg)C,H^OHXNO,), 

I 


H1NC4H4H5 


OH 

QrfjC* 


OH 


I  (HjNCjH^HglCeHCOHXNOj), 


I  (H^C,H4Hg)C4H^pH)Cl 

^  (H,NC,H4Hg),C,H(OH)Cl 

..  (H,NC4HiHg)2C4HeOH)Cl, 
(H^C4H4Hg)C4H(OH)Cls 

i  (H,NC,H4Hg)jC,(OH)Cl, 
rj(H,NC,H4Hg),C,H^OH), 
^|(H,NC,H4H^C^-(0H), 
j(H,NC,H4Hg),C4H,(OH) 

.  (H2NC6H4Hg),C4H(OHX:H, 


OH 


Cl 


EXPERIMEN  TAL 

Di-p-aminophenylmercury  was  prepared  acccarding  to  Chalov  [3]  by  the  condensation^ p-aminophenylmercury 
acetate  with  sodium  diiosulfate.  Di-p-aminophenylmercury  is  obtained  as  white  platelets  with  m.p.  172-174*,  diffi¬ 
cultly  soluble  in  alcohol,  benzene  and  ether,  and  soluble  in  chloroform. 


The  reaction  of  di-p-aminophenylmercury  with  phenols  was  performed  in  sealed  glass  ampoulds  and  was  studied 
at  50,  70,  100,  130  and  150*,  witii  heating  for  3,  6  and  9  hours. 

For  0,2  g  of  di-p-aminophenylmercury  was  taken  0.2  g  of  the  phenols.  The  reaction  products  always  contained 
■niline,  the  presence  of  which  was  demonstrated  by  reaction  with  benzoyl  chloride  to  give  benzoylaniline  witii  m.p. 
162*  (literature  163*).  After  removal  of  the  aniline,  the  reaction  mixture  was  treated  with  solvents  in  the  following 
order:  aqueous  alcdiol  (1:1),  cold  alcohol,  hot  alcohol,  benzene,  and  hot  chloroform.  The  excess  phenol  was  iso¬ 
lated  from  the  aqueous -alcohol  extract  The  monomercury  derivatives  were  isolated  from  the  alcohol  and  benzene 
solutions.  The  insoluble  residue  represented  the  dimercury  or  trimercury  derivatives  of  the  phenols.  The  separation 
of  metallic  mercury  was  observed  in  many  of  the  experiments. 

I.  Dl-p-aminophenylmercury  and  o-nitrophenol.  Heating  at  70*.  3  hours.  After  removal  of  die  aniline  and  o- 
nitrophenol.  an  insoluble  residue  was  obtained  as  fine  bright  orange  crystals  (0.2  g).  The  substance  was  infusible  at 
255*  and  was  insoluble  in  benzene,  acetone  and  chloroform. 

0.0300  g  sub.:  1.67  ml  0.1  N  NH4CNS.  Found  Hg  55.33.  Ci,Hi,0,N,Hg,.  Calculated  Hg  55.56. 

The  formation  of  the  dimercurated  product  also  proceeded  widi  longer  heating  at  100  and  130*,  but  here 
a  small  amount  of  metallic  mercury  was  also  isolated. 

Proof  of  the  structure  of  the  o-nitrophenol  dimercury  derivative.  1)  Under  the  influence  of  an  alcoholic  HCl 
solution,  the  substance  underwent  cleavage  with  the  formation  of  aniline,  mercuric  chloride  and  o-nitrophenol.  2) 

The  iodination  of  the  substance  with  a  solution  of  iodine  in  saturated  potassium  iodide  gave  4.6-diiodo-2-nitrophenol. 
which  from  edier  solution  was  obtained  as  pale  yellow  crystals  with  m.p.  109-110*  (literature  110*).  As  a  result,  the 
dimercury  derivative  of  di-p-aminophenylmercury  and  o-nitrophenol  has  the  structure  of  4.6-di-p-aminophenylmer- 
cury -2 -nitrophenol. 

II.  Di-p-aminophenylmercury  and  p-nitrophenol.  On  heating  for  3  hours  at  100  and  130*  there  it  observed 
the  formation  of  an  insoluble  residue  (0.16  g),  obtained  as  fine  dark  blue  crystals  and  failing  to  melt  up  to  280*. 

0.0423  g  sub.:  2.34  ml  0.1  N  NII4CNS.  Found  Hg  55.32.  CijHjsOjNjHg,.  Calculated  <50:  Hg  55.56. 

On  raising  the  temperature  to  150*  the  separation  of  up  to  60“^  of  metallic  mercury  was  observed. 

The  chlorination  of  the  dimercury  derivative  with  chlorine  in  ether  solution  gave  fine  crystals,  which  melted 
at  125-126*,  thus  indicating  die  presence  of  2, 6 -dichloro -4 -nitrophenol  (m.p,  125*).  Consequently,  the  dimercury 
derivative  of  p-nitrophenol  has  the  structure  of  2. 6 -di-p-aminophenylmercury -4 -nitrophenol. 

III.  Di-p-aminophenylmercury  and  2.4-dinitrophenol7  Di-p-amlnpphenylmercury  mercurates  the  dinitroi^enol 
at  100,  130  and  150*  with  the  formation  of  only  tlie  monomercury  derivative,  which  was  isolated  from  benzene  solu¬ 
tion  as  fine  bright  orange  crystals  (0.15  g)  with  m.p.  203-205*  (decomposition). 

0.0482  g  sub.:  2.03  ml  0.1  N  NH^CNS.  Found  <71):  Hg  42.11.  Ci,H,OjN,Hg.  Calculated  %  Hg  42.18. 

In  the  experiments  with  heating  for  3  hours  at  130  and  150*  diere  was  observed  the  separation  of  mercury  in 
amounts  of  6.27  and  53.4770.  respectively. 

Proof  of  the  structure  of  the  obtained  substance.  1)  The  substance  (0.20  g)  was  cleaved  with  an  alcoholic  HCl 
solution  with  cooling  to  ~15*,  and  from  the  solution  on  adding  water  was  isolated  p-aminophenylmercury  chloride 
(0,0400  g),  melting  witii  decomposition  at  200*;  die  mixed  melting  point  with  known  pure  substance  failed  to  show  a 
depression.  2)  The  iodination  of  the  given  jxoduct  was  made  with  slight  heating  and  shaking.  From  the  ether  ex¬ 
tract  was  isolated  a  deliquescent  reddish -yellow  mass,  which  after  recrystallization  from  alcohol  was  obtained  as 
bright  red  jxismatic  crystals  with  m.p.  105-106*.  which  corresponded  to  6-iodo-2.4-dinitrophenol  (from  Heilbron, 
m.p.  106-107*). 


The  obtained  monomercury  derivative  is  6-p-aminophenylmercury-2,4-dinitrophenol. 

IV.  Di-p-aminophenylmercury  and  2.4,6-trinitrophenol.  The  reaction  between  di-p-aminophenylmercury 
and  2.4,6-trinitrophenol  proceeded  with  the  formation  of  the  monomercury  derivative  only  on  heating  to  130*  for 
3  hours.  The  compound  wasnobtained  as  fine  orange  crystals  (0.140  g)  with  m.p.  192-195*. 

0.0406  g  sub.:  1.56  ml  0.1  N  NH4CNS.  Found  fo:  Hg  38.42.  Ci2HgOTN4Hg.  Calculated  7<»:  Hg  38.45. 

Consequently,  the  compound  is  3-p-aminophenylmetcury-2.4,6.-trinitrophenol,- 


V.  Di-p-aminophenylmercury  and  resorcinol.  On  heating  at  70*  for  3  hours  there  was  obtained  an  insbluble 
residue  —  bright  green  crystals  (0.63  g),  decomposing  above  200*.  The  substance  dissolved  in  0.5  N  potassium  hydr¬ 
oxide  solution  and  precipitated  again  with  carbon  dioxide  gas.  Insoluble  in  alcohol  and  benzene. 

0.0503  g  sub.:  2.897  ml  0.1  N  NH4CNS.  Pound  <70:  Hg  57.59.  Ci,Hi,0,N,Hgi.  Calculated  <7^.  Hg  57.85. 

At  70*  for  9  hours,  after  removal  of  the  aniline  and  resorcinol  from  the  anpoule  in  the  usual  manner,  there  was 
obtained  an  insoluble  residue  (0.14  g)  of  fine  dark  green  crystals,  not  melting  up  to  260*.  Insoluble  in  organic  sol¬ 
vents. 

0.1030  g  sub.:  6.21  ml  0.1  N  NUCNS.  Found  ^tr.  Hg  60.23.  Cj4H2i02N,Hg,.  Calculated  Hg  61.07. 

The  presence  of  mercurated  products  in  the  reaction  mass  could  not  be  detected  when  the  temperature  was 
raised  to  130*.  Thus,  on  heating  for  9  hours  there  was  found  90.06*70  of  metallic  mercury.  Consequently,  di-p-amino¬ 
phenylmercury  mercurates  resorcinol  with  the  formation  of  the  dimercury  product  (p-H2NC(H4Hg)jC(H2(OH)2  and  the 
trimercury  product  (p-H2NC4H4Hg)3C4H(OH)2. 

VI.  Di-p-aminophenylmercury  and  p-chlorophenol.  Heating  at  70*  for  3  hours.  Bright  yellow  crystals  (0.1  g) 
were  isolated  from  alcohol  solution,  m.p.  180-181*. 

0.0500  g  sub.:  2.36  ml  0.1  N  NH4CNS.  Found  <7oc  Hg  47.20.  CuHjoONClHg.  Calculated*^  Hg  47.75. 

An  insoluble  residue  was  obtained  &s  fine  dark  green  crystals  (0.12  g),  not  melting  up  to  260*. 

0.0562  g  sub.:  3,38  ml  0.1  N  Nli4CNS.  Found  *7oc  Hg  60.10.  Cj4H,oON,ClHg8.  Calculated*^:  Hg  59.95. 

Chlorination  of  the  substance  in  edier  solution  gave  slender  needles  of  2.3.4,6-tetrachlorophenol  with  m.p. 

68*.  After  recrystallization  from  ligroin  m.p,  70*;  the  mixed  melting  point  remained  constant.  Consequently,  the 
dark  green  crystals  are  2,3,6 -tri-p-amInophenylmercury-4-chlorophenol, 

VII.  Di-p-aminophenylmercury  and  2,4-dlchlorophenol.  Experiments  were  made  at  50,  70,  100  and  130*. 

The  principal  reaction  product  was  a  dark  green  crystalline  substance,  not  melting  up  to  260*,  and  sbluble  in  alkalies. 

0,0536  g  sub.;  2.84  ml  0.1  N  Ntl4CNS.  Found  *^^jc  Hg  53.00.  Ci8Hi40NjCl2Hg,.  Calculated  *7o:  Hg  53.74. 

VIII.  Di-p-aminophenylmercury  and  2,4,6 -trlchlorophenol.  In  the  experiments  with  heating  at  70  and  100* 
for  3  hours,  there  was  Isolated  from  alcohol  a  green  crystalline  substance  with  m.p.  195-197*. 

0,0502  g  sub.:  2.021  ml  0,1  N  NH4CNS.  Calculated  *7o:  Hg  40.25.  CijHgONCljHg.  Calculated ‘7o-.  Hg  40.77. 

The  Insoluble  residue  was  a  dark  blue,  infusible,  crystalline  substance. 

0.0524  g  sub.:  2.67  ml  0.1  N  NH4CN3.  Found  *70:  Hg  51.02.  Ci8Hi80N2CljHg2.  Calculated  *7f.  Hg  51.32, 

The  obtained  mercurated  products  dissolved  in  different  alkalies  and  were  reprecipitated  under  the  influence 
of  0,1  N  acetic  acid  and  carbon  dioxide  gas.  The  monomercury  compound  can  be  named  3-p-aminophenyl mercury- 
2,4, 6 -trlchlorophenol,  The  dimercury  compound  can  be  named  3,5-di-p-aminophenylmercury-2,4.6-trichlorophenol, 

IX.  Di-p-aminophenylmercury  and  p-cresol.  Di-p-aminophenylmercury  mercurates  p-cresol  with  the  forma¬ 
tion  of  die  trimercury  derivative  as  a  white  crystalline  substance,  insoluble  in  alcohol,  chloroform  and  benzene,  and 
not  melting  up  to  260*. 

0.0300  g  sub.;  1.81  ml  0.1  N  NH4CNS.  Found  *7«  Hg  60.60,  C25H2jONjHg,.  Calculated  *7o:  Hg  61.22. 

X.  Di-p-aminophenylmercury  and  phenol.  Heating  at  70*  for  3  hours.  After  removal  of  the  excess  phenol  by 
steam  distillation,  the  residue  was  treated  with  alcohol  and  ether.  There  was  obtained  0.120  g  of  fine  white  crystals 
with  m.p.  179*. 

0.0550  g  sub.:  3.43  ml  0.1  N  NH4CNS.  Found  *7o:  Hg  62.40.  C24H2iON,Hg,.  Calculated  *7):  Hg  62.10. 

SUMMARY 

It  was  shown  tiiat  the  mercuration  of  phenols,  possessing  different  substituents  in  the  benzene  ring,  by  di-p- 
aminophenylmercury  proceeds  with  great  ease,  with  the  formation  of  colored  mono-,  di-  and  trimercury  derivativa,^ 
and  also  aniline. 
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CONTACT  TRANSFORMATION  OF  CYCLOHEXENE  AND 


1 -METHYL-l-CYCLOHEXENE  ON  GUMBRIN 


F.  Yu.  Rachinsky  and  N.  I.  Rzhekhina 


The  transfcvmation  of  cycloolefins  in  the  presence  of  dehydration  contacts,  studied  in  detail  by  N.  D.  Zelinsky 
and  Yu.  A.  Arbuzov  [1],  as  is  known,  is  accompanied  by  isomerization  of  the  ting,  polymerization,  and  redistribution 
of  hydrogen.  The  dehydration  contacts  in  the  smdied  investigations  were  the  active  aluminum  and  beryllium  oxides 
[2,  3,  4,  51  kaolin  [6],  silica  gel  [71  synthetic  aluminosilicates  of  the  cracking  type  [8-101  and  lease  trf  all  the 
natural  aluminosilicates  [11  -131 

In  the  single  study,  dealing  with  the  transformation  of  cyclohexene  on  gumbrin  [13],  it  Is  indicated  that  methyl - 
cyclopentane,  cyclohexane  and  benzene  are  formed  at  350-400*.  The  authOT  considered  tire  increase  in  the  refractive 
index  of  die  catalyzate  fraction  boiling  at  84-86*,  and  the  Raman  spectra  analysis  results  obtained  for  the  catalyzate, 
as  evidence  for  the  presence  of  benzene  in  the  catalyzate.  However,  in  other  investigations,  dealing  with  the  study 
of  die  contact  transformations  of  cyclohexene  in  the  presence  of  aluminosilicates  and  active  oxides,  it  was  demonstra¬ 
ted  diat  here  the  formation  of  benzene  fails  to  occur.  A.  V.  Frost  [12J  made  the  postulation  diat  the  action  of  the 
aluminosilicates  on  cyclohexene  is  different  from  the  mechanism  of  the  action  of  metals,  which  cause  dehydrogena¬ 
tion  and  irreversible  catalysis  widi  die  formation  of  benzene. 

Cyclohexene  is  only  isomerized  in  the  presence  of  aluminosilicates,  but  not  dehydrogenated: 


CH  CH,  ^^9 

HjCAch  _ ^  ^  Cj=jCH 

HlcIsJcHj  Hicl  JcHt 

CH,  CH,  Yh, 

At  the  same  time  polymers  are  formed,  which  are  readily  dehydrogenated  in  the  contact  with  the  alumino¬ 
silicate  and’,  as  a  result.are  the  hydrogen  saurce  for  the  hydrogenation  [9]. 

We  set  ourselves  thfe  tadi  of  elucidating  the  character  of  the  contact  trar^formations  of  cyclohexene  and  1- 
methyl-1 -cyclohexene  on  gumbrin  at  a  temperature  which  excluded  as  much  as  possible  die  thermal  cracking  pro¬ 
cesses,  mQch  coke  formation,  and  changes  In  the  formed  cyclohexane  [17].  At  320*  the  transformation  of  cycloole¬ 
fins  is  not  accompanied  by  the  separation  of  considerable  amounts  of  gaseous  products,  which  is  usually  observed  at 
higher  temperatures. 

With  a  space  velocity  of  0.2  ml/l‘inl  of  contact/hr,  the  degree  of  cyclohexene  transformation  in  one  pass  is 
55-60*7o.  The  lower  boiling  catalyzate  fractions  are  devoid  of  benzene  and  conslstsof  the  methylcyclopentenes,  methyl- 
cyclopentane,  unreacted  cyclohexene,  and  cycldiexane.  The  lowest  boiling  catalyzate  factions  ctmtain.  apparently. 
3-mediyl-2-pentene  and  3-methylpentane,  formed  as  the  result  of  opening  the  methylcyclcdieptene  ring.  The  high 
boiling  fractions,  representing  about  10*70  in  our  experiments,  consist  of  a  mixture  of  alicyclic  and  aromatic  hydrocar¬ 
bons. 


The  alicyclic  hydrocarbon  isolated  from  the  polymeric  fraction  in  its  constants  lies  close  to  the  hydrocarbon 
Isolated  by  Shchekin  [9].  A  comparison  of  the  ultraviolet  absorption  spectra  of  the  aromaticized  catalyzate  fraction 
with  the  absorption  spectra  of  na[)hthalene,  tetralin,  diphenyl,  and  diphenylmethane  reveals  diat  the  character  of  the 
absorption  spectra  of  the  aromaticized  hraction  is  reminiscent  of  die  condensed  systems  and  is  different  from  the 
spectra  of  the  bicyclic  systems.  It  can  be  assumed  that  the  aromaticized  fraction  consists  of  a  mixture  of  dimethyl - 
naphthalenes  and  dlmeihylhydronaphthalenes.  as  had  been  postulated  by  Bloch  and  Thomas  [8],  and  consequently, 
that  dehydropolymerization  precedes  the  stage  of  mediylcyclopentadlene  formation  [141, the  contact  transforma¬ 
tion  of  which  leads  to  the  formation  of  the  dimethylnaphthalenes  and  dieir  hydro  derivatives  [151 
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The  basic  transformation  jwoducts  of  1-methyLrl -cyclohexene  are  dlmeihylcyclopentene,  ethylcyclopentene, 
dimethylcyclopentane  and  ethylcyclopentane.  the  presence  of  which  was  proved  by  tiie  physical  constants  of  the  cor¬ 
responding  catalyzate  fraction,  previously  subjected  to  hydrogenation  or  sulfonation.  In  addition,  toluene  was  deter¬ 
mined  spectroscopically.  The  basic  reaction  is  contractirm  of  die  ring,  which  makes  the  scheme  proposed  by  A,  A. 
Petrov  [16]  and  others  unconvincing,  in  accord  widi  which  1-meihyl-l-cyclohexene  has  (in  contrast  to  cyclohexene) 
a  stable  six-membered  ring.  The  higher  catalyzate  fractions,  judging  from  the  ultraviolet  absorption  maxima  and 
sulfonation  results,  consist  of  a  mixture  of  aromatic  hydrocarbons  (naphthalene  derivatives)  and  the  alicyclic  hydro¬ 
carbon  CjiHjg. 

The  data  obtained  by  us  support  the  mechanism  proposed  by  Yu.  A.  Arbuzov  [17]  for  the  contact  isomerization 
of  cycloolefins. 

EXPERIMEN  TAL 

L  Transformation  of  cyclohexene.  Cyclohexene:  B.p.  82-83*  (750  mm),  1.4459,  (^4®  0.8108.  MRd  26.98; 
calculated  bromine  number  194.3;  calculated  195.1.  The  stream  method  was  used  for  the  contact  reaction  on 

granulated  (0.4 -0.5  mm)  gumbrin.  previously  activated  by  heating  for  4-6  hours  at  360-370*.  with  a  space  velocity 
of  0.2  ml/l  ml  of  contact/hr.  The  experimental  data  for  the  contact  transformations  of  cyclohexene  are  given  in 
Table  1. 


TABLE  1 


Properties  aH  Cyclohexene  Catalyzate 


nxpL 

No. 

Weight  of 
taken  cyclo- 
hexene  (g) 

Catalyzate 

weight 

(g) 

Gas 

volume 

(1) 

sm 

High  boiling  portion 
(b.p.  200-260*) 

^  of  catar 
lyzate 
weight 

ng 

■ 

bromine 

number 

saturated 
hydrocar  - 
bon  C^o) 

°lo  of  cata¬ 
lyzate  wt. 

bro¬ 

mine 

na 

1 

67.2 

60.15 

0.7815 

162.8 

16.5 

9.8 

1.4949 

52.i 

2 

67.0 

61.0 

12.9 

11.5 

1.4929 

52.] 

3 

74.5 

66.2 

0.06 

1.4385 

10.1 

1.4933 

48.5 

4 

85 

7  6.3 

0.07 

86.0 

1.4362 

0.7922 

12.4 

10.0 

39.( 

TABLE  2 


Distillation  Results  for  the  Low  Boiling  Portion  of  the  Cyclohexene  Catalyzate 


Expt. 

No. 

Boiling  point 

Yield*  C^) 

ng 

Saturated  hydro¬ 
carbons  (f]o) 

1 

62-68* 

4.3 

1.4192 

0.7612 

10.0 

2 

68.-71 

6.5 

1.4169 

0.7610 

51.5 

3 

71-73 

13.5 

1.4142 

0.7544 

76.4 

4 

73,-75 

6.6 

1.4200 

0.7620 

55.0 

5 

75-77 

12.7 

1.4343 

0.7871 

10.9 

6 

77-81 

8.7 

1.4400 

0.8506 

9.3 

7 

81-84 

44.0 

1.4442 

0.8093 

a4 

A  study  of  die  gaseous  products  proved  inexpedient,  due  to  the  extremely  small  amounts  involved.  The  low 
boiling  catalyzate  fractions  were  combined  (263  g)  and  fractionally  distilled  (Table  2). 

Analysis  of  die  low  boiling  portion  of  die  cyclohexene  catalyzate  (b.p.  62-84*).  Fraction  1,  b.p.(62-68*, 
chiefly  consisting  of  unsaturated  hydrocaHxms,  hydrogenated  over  Pt  The  obtained  mixture  of  saturated  hydrocarbons 
had  b.p.  63-72*,  n^  1.3840.  0.6920;  aniline  point  +49.5*.  Judging  from  the  physical  constants,  the  mixture  app¬ 

arently  contains,  in  addition  to  mediylcyclopentane,  an  open  chain  hydrocarbon. 

Literature  for  3  methylpentane  [18]:  b.p.  63.28*.  ng  L3765,  <^4*  0.6643;  aniline  point  62.5*.  For  methylcyclo- 
pentane:  b.p.  71.8T.  L4998,  ^  0.7486;  aniline  point  34*. 


*  Based  on  the  total  weight  of  the  fractions. 


Fraction  2,  b.p.  68-71*,  consists  of  a  mixture  of  l-metiiyl-3-cyclopentene  and  methylcyclopentanc.  Hydrogena¬ 
tion  over  Pt  gave  methylcyclopentane;  b.p.  72-73*,  njj  1.4098,  dj®  0.7483,  MRp  27.80;  calculated  27.71;  aniline  point 
+  35.2*. 

Fractions  3  and  4,  b.p.  71  -75*,  combined  and  hydrogenated  over  Pl  From  its  constants  ihe  obtained  product 
corresponds  to  methylcyclopentane:  b.p.  71.5-72*,  n^  1.4093,  dj®  0.7478;  aniline  point  33.1*. 

Fraction  5,  b.p.  75-77*,  from  its  physical  constants  lies  close  to  l-methyl-l-cyclcq>entene.  The  spectroscopic 
and  formolite  tests  failed  to  show  the  presence  of  benzene.  Hydrogenation  gave  a  mixture  of  metirylcyclopentane  and 
cyclohexane,  the  constants  of  the  mixture  were  not  changed  after  treatmrfht  with  7®^  oleum;  b.p.  71-79*,  n^  1.4138, 
0.7632;  aniline  point  +33*. 

Fraction  6,  b.p.  77-81*.  The  spectroscopic  and  formolite  tests  failed  to  ^ow  ihe  presence  of  benzene.  Cyclo¬ 
hexane  was  isolated  after  treatment  with  7®/o  oleum;  b.p.  80-81*,  n§  1.4276,  d?  0.7780.  MRd  27.75;  calculated 
27.71;  aniline  point  30.6*. 

Literature  for  cycldiexane  [18];  b.p.  80.75*,  n0  1.4286,  d?  0.7786;  aniline  point  31*. 

Fraction  7,  b.p.  81-84*,  represented  unreacted  cyclohexene.  The  spectroscopic  and  formolite  tests  failed  to 
show  the  presence  bf  benzene.  Hydrogenation  gave  only  cyclohexane. 

Analysis  of  the  high  boiling  portion  of  the  cyclohexene  catalyzate  (b.p.  200-253*).  After  removal  of  unsatura¬ 
ted  hydrocarbons  with  85*^  H2SO4  the  portion  was  divided  into  two  fractions; 

Fraction  1;  b.p.  200-232*,  d*  0.8930,  n0  1.4932,  np  1.5011,  n^  1.4898;  relative  dispersion  22.9;  aniline 
point  —1.5*. 

The  qualitative  tests  for  aromatic  hydrocarbons  were  positive.  Ultraviolet  absorption  maxima:  320,  310,  293, 
278,  270,  262,  231  mp.  After  removal  of  the  aromatic  portion  with  7^  oleum  the  alicycllc  hydrocarbOT  was  isola¬ 
ted:  b.p.  215-220*,  dj*  0.8678.  nB  1.4699,  n^  1.4755,  ng  1.4672.  MRd  53.36;  calculated  53.22;  relative  dispersion 
17.7;  aniline  point  +  55*.  M  160.  CjjHa.  Calculated;  M  166. 

Fraction  2  contains  a  caislilerable  amount  of  aromatic  hydrocarbons;  b.p.  232-242*.  0.9096,  1.5082, 

n^  1.5177,  n^  1.5043;  relative  dispersion  26.4;  aniline  point  —4.5!  Degree  of  sulfonation  with  oleum  68‘!7o.  We 
were  unable  to  isolate  an  individual  aromatic  hydrocarbon. 

TABLE  3 


Distillation  Results  for  the  Low  Boiling  Portion  of  the  1-Methyl -1 -cyclohexene  Catalyzate 


Fraction 

No. 

Boiling  point 

Yield 

4? 

Saturated  hydro¬ 
carbons  C7o) 

1 

50-77* 

5.0 

1.4190 

0.7456 

42.5 

2 

7  7-80 

2.3 

1.4438 

0.7992 

23.0 

3 

80-86 

8.0 

1.4402 

0.7975 

14.9 

4 

86. -'90 

2.7 

1.4257 

0.7724 

40.8 

5 

9  0-94 

2.7 

1.4242 

0.7699 

48.0 

6 

94-99 

3.7 

1.4265 

0.7759 

59.5 

7 

99-101 

8.8 

1.4286 

0.7796 

59.0 

8 

101-102 

14.0 

1.4315 

0.7816 

56.0 

9 

102-107 

45.3 

1.4455 

0.8016 

12.6 

10 

107-111 

3.5 

1.4474 

0.8033 

12.0 

Losses 

4.0 

- 

- 

- 

n.  Transfocmation  of  1- Methyl -1 -cyclohexene.  The  same  described  conditions  were  used  for  bodi  1 -methyl-1 - 
cyclohexene  and  l-mediyl-l-cyclohexanol.  the  latter  undergoing  complete  dehydration.  With  a  space  velocity  of 
0.2  ml/ml  rf  contact/hr,  there  was  passed  244  g  of  1 -methyl -1-cyclohexanol  in  6  experiments.  The  residue  (coke) 
on  the  catalyst  failed  to  exceed  3®^,  while  the  volume  of  evolved  gas  was  insignificant  (ca.  200  ml). 

There  was  obtained  170  g  of  catalyzate,  which  was  divided  Into  two  fractions:  a)  low  boiling.  b.p.  50-115* 
(83^);  b)  high  boiling,  b.p.  210-2S5*  (IT/o).  The  low  boiling  portion  of  tiie  catalyzate  was  fractionally  distilled 
(Table  3). 
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Fractioa  1,  b.p.  bQ-’lT,  hydrogenated  (Tver  Pl  A  mixture  (rf  hydrocarbons  was  obtained  (nj3  1.4039;  aniline 
point  +  40*),  judging  from  its  constants,  composed  of  metiiylcyclopentane  and  an  open  chain  hydrocarbon.  The  mix¬ 
ture  was  not  separated  due  to  the  small  amount. 

Fractions  2  and  3  were  combined.  Hydrogenation  over  Pt  gave  cyclohexane  admixed  with  methylcyclopentane; 
b.p.  79-81*.  ng  1.4202,  0.7663;  anHlne  point  +33.9*. 

Fractions  4-8  were  combined  The  presence  of  toluene  was  shown  spectroscopically  (absorption  maxima  269, 
263  rap).  After  removal  of  unsaturated  hydr<x:arbons  with  85‘^H2SQ4  the  mixture  had:  b.p.  97-100*.  ng  1.4263, 
d*  0.7734;  aniline  point  +  38*. 

After  treatment  with  oleum  to  remove  aromatic  hydrocarbons  the  constants  were  close  to  the  constants  for 
a  mixture  of  ethylcyclopentane  and  1,2-dimelhylcyclopentane:  b.p.  98-101*,  ng  1.4212,  (^J*  0.7669;  aniline  point 
+  4L4. 

Fractions  9-10  were  combined:  b.p.  102-111*.  The  presence  of  toluene  was  shown  spectroscopically  (ultra¬ 
violet  abscnptlon  maxima  269,  265,  262,  257,  250,  247  mp).  Hydrogenation  over  Pt  gave  a  mixture  of  ethylcyclo¬ 
pentane  and  methylcyclopentane;  B.p.  101-103*,  ng  1.4257,  ^  0.7720,  aniline  point  +35.5*. 

Analysis  of  the  high  boiling  porticm  of  the  1-methyl-l-cyclohexene  catalyzate.  Tlae  fraction  widi  b.p.  220- 
250*  was  isolated,  containing  up  to  60^  of  aromatic  compounds  1.5018,  ^  0.8883.  TJitraviolet  absorption  spec¬ 
tra;  320,  289.  272,  268,  224  mp.  Treatment  with  7*^  oleum  gave  an  alicycdic  hydrtxarbon:  b.p.  238-242*,  ng 
1.4883,  0.8805;  MRq  63.51:  calculated  63.0;  anilinp  p(}int+  47.2*.  The  aromatic  hydrocarbon  (ng  1.5283)  iso¬ 

lated  from  the  sulfonic  acid  was  not  characterized  due  to  insufficient  material. 

SUMMARY 

1.  Cyclohexene  under  the  influence  of  gumbrin  at  320*  is  transformed  into  a  mixture  of  methylcyclopentenes, 
methylcyclopentane  and  cyclohex Benzene  is  not  formed  under  these  conditions.  Apparently,  the  high  boiling 
(dimeric)  catalyzate  fractions  contain  the  dimethylnaphthalenes  and  their  hydrogenation  products. 

2.  The  contact  transformatitHis  of  1-metiiyl-l -cyclohexene  under  these  condiiians  are  accompanied  by  destruc¬ 
tive  decomposition,  as  a  result  of  which  cyclohexene  and  its  isomerization  prtrducts  are  formed,  and  also  toluene.  The 
high  boiling  catalyzate  fractions  contain  condensed  aromatic  hydrocarbons  and  their  hydrogenation  jx'oducts. 

3.  The  main  source  of  hydrogen  for  the  formaticxi  of  alicycllc  hydrocarbons  is  the  hydrogen  that  is  evolved  in 
the  dehydrogenation  of  polymers  over  gnmbtln. 
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SPECTROPHOTOMETRY  OF  BIURET  COMPLEXES  AS  A  METHOD 
FOR  THE  STUDY  OF  PROTEINS  AND  PEPTIDES 

XVm.  THE  BttJRET  REACTION  WITH  BRANCHED -CHAIN  PEPTIDES 

M,  I.  Plekhan 

In  previous  comiminlcations  it  was  shown  tiiat  tiie  formation  of  the  biuret  complex  of  polypeptides  with  a  long 
unbroken  chain  obeys  the  fundamental  rule:  every  four  amino  ^id  radicals  combine  with  one  atom  of  copper,  in 
which  connection  a  red  complex  is  formed. 

Chugaev  [1]  established  that  a  stable  biuret  complex  is  formed  only  under  the  conditions  of  creating  5-  and  6- 
membeied  rings  and.  consequentily.  the  reaction  obeys  the  Baeyer  strain  theory.  In  this  way  can  be  explained  the  fact, 
for  example,  that  biuret  and  malonamide form  complexes  (I)  and  (II). 

CO-NHj.  I  ..  .CO-NHj^  I  y 

^  nh\  Hjc:;^  ,';cu< 

CO-NH,'*'  I  ''  ^CO-NHj''^  !  ''' 

(I)  (n) 

while  hydrazodicarboxamide  (IH),  succinyldiamide  (IV)  and  succinyldiureide  (V)  fail  to  form  complexes,  since  7-  and 

NH-CO-NHi  CHj-CO-NHj  CHj^CO-NH-CO-NHj 

NH-CO-NHj  CHj-CO-NHj  CHj-CO-NH-CO-NH^ 

an)  (IV)  (V) 

11-membered  rings  should  have  been  formed  in  the  last  three  cases.  As  a  result,  if  the  structural  characteristics  of 
the  substance  are  such  that  higher  than  5-  and  6-membered  rings  are  formed,  then  the  biuret  reaction  will  prove  to 
be  negative.  It  is  specifically  for  this  reason  that  a  polypeptide  with  a  long  unbrdcen  chain  can  form  the  complex 
only  in  accord  with  Scheme  1  n; 


CHR - 

-CO 

CHR— CO 

CHR - 

1 

-CO 

1 

1 

OC — HN.  1 

1 

,.NH-CHR 

1  1 

OC — HNx  1  ,.NH-CHR 

OC - HNx,  1 

.NH-CHR 

1 

1 

1  1 

1 

1 

CH-HN''  1 

1  1 

'NH-CO 

CH-HN'  1  'NH-CO 

1 

CH-HN''"  1 

1 

'NH-CO 

1  1 

R  -CO 

1 

R 

1 

R 

CHR - 

- CO  CHR - 

- CO 

CHR-C- 

II 

O 

(Scheme  1) 

and  it  is  utterly  impossible  for  the  complex  to  be  formed  in  accord  with  Scheme  2. 

CHR-NH -CHR-CO(NH-CHR-CO)n -NH-CHR-CO -NH -CHRCO(NH -CHR-CO)n 

""■iuc-"" 

I 

CO-NH-CHR-CONH-CHR-CO-HN  NH-COCHRNH-CX)-’CHRNH 

■  I  •  I 

. -CHR  CHR-CO-NH- . 

(Scheme  2) 

The  formation  of  the  biuret  complex  has  hardly  been  studied  for  polypeptides  with  a  broken  chain.  Only  one 
example  is  known  In  die  literature,  which  was  observed  by  us  together  with  Gavrilov  [2]  for  synthetic  amidlne  (dl- 
hydropyrazineblsglycylglycylglydne).  In  this  compound,  containing  two  trlpeptide  chains,  separated  by  the 


dihydropyrazine  ring,  the  formation  of  the  complex  proceeded  independently  at  each  chain,  and  each  section  of  the 
peptide  chain  reacted  with  one  atom  of  cqjper.  We  have  basis  to  assume  tliat  this  is  not  a  solitary  phenomenon,  but 
a  rule,  the  confirmation' of  which  on  die  example  of  a  number  of  compounds,  containing  peptide  chains  broken  by 
different  groupings,  is  of  interest,  especially  in  connection  with  the  structure  studies  of  protein  substances. 

In  the  present  study  we  investigated  the  biuret  reaction  for  compounds,  in  which  die  peptide  chain  was  broken 
by  the  inclusion  of  a  large  aliphatic  grouping,  the  hexamethylenebiscarbamoyl  radical,  and  specifically:  1)  hexa- 
methylenebiscarbamoylglycylglycine  (or  hexametiiylenebisureidoacetylglycine)  (VI),  2)  hexamethylenebiscarbamoyl - 
glycylglycylglycine  (or  hexamethylenebisureidoacetylglycylglycine)(Vn),  and  3>hexametiiylenebiscarbamoylglycyl- 
glycylglycylglycine  (or  hexamethylenebisureidoacetylglycylglycylglyclne)  (VIII): 

CHj  -CHj  -CH,  -NH  -CO  -NH  -CHj  -CO-NH  -CHj  -COOH 

CH,  -CHj  -CH,  -NH  -CO  -NH  -CH,  -CO-NH  -CH,  -COOH 
(VI) 

CH,  -CH,  -CH,  -NH  -CO  -NH  -CH,  -CO-NH  -CH,  -CO  -NH  -CH,  -COOH 

CH, -CH,-CH, -NH -CO-NH -CH, -CO-NH -CH, -CO-NH -CH, -COOH 
(VH) 

CH,  -CH,  -CH,  -NH  -CH,-CO  -NH  -CH,  -CO  -NH  -CH,  -CO-NH  -CH,  -COOH 

I 

CH,-CH,-CH,-NH  -CH, -CO-NH  -CH,-CO  -NH-CH,  -CO-NH  -CH,-COOH 

(vni) 


TABLE 


Optical  Densities  of  Copper  Biuret  Complexes  of  Hexamethylene- 
biscarbamoylpe  pddes 


Wave 


Optical  densities  c 


lengths  j 

hexamethylene  - 

h  examethylenebis- 

hexamethylenebis  - 

OA 

7  1  u  XX 

X  (m^i). 

biscarbamoylgly  - 

c  arba  moylglyc  yl  - 

carbamoylglycylgly  - 

o.t 

1 

cylglycine  (0.8^) 

g  lycylglyclne  (0. 2f?j) 

cylglycylglycine  (p.2^7o) 

460 

0.051 

0.178 

0.177 

SOO  SkO  SiO  tio  f60  100  A. 

480 

0.065 

0.279 

0.267 

(IrVi 

500 

0.084 

0.407 

0.395 

510 

0.096 

0.470 

0.460 

Fig.  1. 

Spectrophotometric  curves  for 

520 

0.108 

0.525 

0.520 

copper  biuret  complexes  of  hexamediyl- 

530 

0.124 

0.570 

0.565 

enebiscarbamoylpeptide  derivatives.  I) 

540 

0.140 

0.595 

0.615 

Hexamethylenebiscarbamoylglycylglycine 

550 

0.157 

0.B02 

0.635 

(0.8^0  solution):  11)  hexamethylenebis- 

555 

- 

0.598 

0.046 

carbaraoylglycylglycylglycine  (0.2^o  solu- 

560 

0.178 

0.590 

0.640 

tionh  IE)  hexamethylenebiscarbamoyl- 

570 

0.193 

0.568 

0.635 

glycylglycylglycylglycine  (0.2®7o  solutitxi). 

580 

0.205 

0.535 

0.610 

600 

0.222 

0.463 

0.550 

1.  Biuret  reaction  of  hexamethyl- 

620 

0.231 

0.377 

0.450 

enebiscarbamoylglycylglycine.  The  blue 

630 

0.223 

— 

- 

biuret  cohiplex  of  hexamethylenebis- 

640 

0.216 

0.295 

0.344 

carbamoylglycylglyclne  is  formed  under 

660 

0.195 

0.215 

0.251 

the  usual  reaction  conditions  for  peptides. 

680 

0.168 

0.140 

0.166 

The  iodometric  determination  for  cop- 

700 

0.142 

0.101 

0.115 

per  revealed  p.ax  the  formation  of  the 

710 

0.128 

0.084 

0.089 

complex  was  extremely  slight  {SPjo). 

730 

0.102 

.0.065 

.  0.058 

This  agrees  with  our  observations  on  the 

reactions  of  glycylglycine,  where  in¬ 
sufficiently  active  complex  formation 
was  noted,  and  on  the  reactions  of  the 
hexapeptide.  in  the  complex  of  which 
the  dipeptide  remains  completely  unused. 


The  absorption  character  (Fig,  1,  Table)  on  the  whole  lies  close  to  the  absorption  of  ihe  incomplete  blue  com¬ 
plexes.  This  means  (according  to  our  classification  [3])  that  only  two  of  the  coordinate  valences  of  die  copper  atom 
are  saturated  with  the  compound  containing  die  nitrogen  groups,  the  other  two  valences  being  bound  with  the  oxygen 
containing  groups.  Consequently,  each  copper  atom  forms  an  independent  portion  of  the  blue  complex  widi  the  chain 
segment.  We  consider  the  structure  of  the  biuret  complex  of  hexamethylenebiscarbamoylglycylglycine  as  correspond¬ 
ing  to  Scheme  3. 
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Despite  the  fact  that  from  the  total  number  of  nitrogen  containing  groups  it  would  appear  that  the  given  com¬ 
pound  should  form  a  red  complex,  nevertheless  the  incomplete  blue  complex  is  formed.  This  can  be  explained  in  the 

^NH-CO-NH- 

following  manner:  die  obtained  compound  in  its  structure  contains  the  groiqiing  (CH2)g  .  which  re- 

\nh-co-nh- 

presents  the  amide  of  the  N-substituted  carbamic  acid  (or  disubstituted  urea).  Since  the  disubstituted  ureas  fail  to 
give  the  biuret  reaction,  then,  evidently,  in  the  investigated  compound  this  grouping  will  also  prove  to  be  inactive 
with  respect  to  complex  formation.  On  the  whole,  in  the  biuret  reaction  the  compound  behaves  like  an  acylated  gly- 
cylglycine,  in  the  given  case  —  acylated  hexamethylenebiscarbamic  acid.  The  validity  of  such"  an  explanation  is 
indicated  by  the  shift  of  the  absorption  maximum  toward  the  short  wave  lengths  when  compared  with  the  glycylglycine 
complex  (620  instead  of  670  nft).  We  have  already  observed  similar  examples  of  the  acylation  influence  in  the  case 
of  the  carbobenzoxy  derivatives  of  glycylglycine  and  the  alanine  dipeptides  (racemic  and  optically  active)  [41 

It  is  interesting  to  note  that  in  die  biuret  reaction  of  hexamethylenebiscarbamoylglycylglycine  a  complex  in 
which  both  ends  of  the  chain  molecule  would  be  bound  in  accord  with  Scheme  4  falls  to  be  formed  (a  red  complex 
would  be  obtained  if  the  reaction  proceeded  in  dtis  manner). 


CHj  -CHj  -CHj  -NH  -CO  -NH  -CHj  -CO  -NH  -CHj-COOH 

I 

;.Cu;' 

I 

CH,  -CHj  -CH,  -NH  -CO  -NH  -CH,-CO  -NH  -CHj-COOH 


(Scheme  4) 

2.  The  biuret  reaction  of  hexameihylenebiscarbamoylglycylglycylglyclne  proceeds  under  the  same  conditions 
as  for  the  peptides,  in  which  connection  a  purple-red  color  is  developed.  From  the  iodometric  determination  results 
the  complex  contains  2  atoms  of  copper  and  1  molecule  of  the  studied  substance.  The  spectrophotometric  curve  (Fig. 

1,  Table)  has  a  maximum  at  a  wave  lengdi  of  550  mfi.  This  suggests  the  formation  of  an  incomplete  complex  in 
which  3  of  the  copper  coordinate  valences  are  saturated  by  union  with  the  nitrogen-containing  groups,  while  the  fointh 
valence  is  saturated  by  union  with  the  oxygen  containing  group.  It  was  necessary  to  exclude  mixed  complex  formation 
in  the  given  case,  Le.,  to  determine  if  the  red  and  purple  complexes  were  not  simultaneously  formed  In  the  molecule 
of  the  hexamethylenebiscarbamoylglycylglycylglycine  complex. 

for  this  purpose,  the  copper  salt  was  gradually  added  to  the  alkaline  solution  of  the  investigated  substance  and 
a  spectrophotometric  analysis  made  of  the  obtained  colored  solution.  The  results  are  given  in  Fig.  2  and  in  the  Table. 
We  see  that  all  of  the  curves  are  parallel  and  have  one  maximum  at  wave  length  550  ny .  This  means  that  the  com¬ 
plex  is  homogeneous.  I.e.,  the  investigated  substance  forms  only  one  type  of  complex  and  in  the  molecule  the  two 
individual  pcrtions  are  structurally  analogous.  We  depict  die  structure  of  the  hexamethylehebiscarbamoylglycylgly- 
cylglyclne  biuret  complex  in  the  following  manner  (Scheme  5).  [See  top  of  following  page.] 

With  respect  to  complex  formation,  this  compound  behaves  like  die  double  molecule  of  glycylglycylglycine, 
the  acylated  hexamediylenebiscarbamlc  acid.  This  is  also  Indicated  by  the  shift  of  die  absorption  maximum  toward 
the  short  wave  lengdis  (550  instead  of  the  575  ny  for  the  free  glycylglycylglycine  complex).  We  observed  an  analogous 


i- 
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I 
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acylation  influence  in  the  case  of  the  carbobenzoxy  derivatives  of  the  glycyl  and  alanine  tripeptides.  The  molecular 
absorption  intensity  for  the  complex  of  the  investigated  substance  is  2.5  times  greater  than  for  the  complex  of  the 
free  glycylglycylglycine.  In  this  case  the  hexamethylenebsicarbamic  acid  radical  also  fails  to  participate  in  complex 
formation,  which  is  indicated  by  the  position  of  the  maximum.  This  compound  also  fails  to  form  a  complex  in  which 
both  ends  of  the  molecule  chain  would  be  connected  In  a  manner  similar  to  Scheme  4.  Each  segment  of  the  peptide 
chain  reacts  separately.  - 


Q  Fig.  3.  Study  of  the  homogeneity  of  the  copper  biuret  com¬ 

plex  of  hexamethylenebisureidoacetylglycylglycylglycine: 

20  mg  of  substance  +  1  ml  of  2  N  sodium  hydroxide  +  n  ml 
of  0.25  M  CuSQj.  I)  0.4  ml  CUSO4;  =  0.397;  nro.8 
^  -  ml  OuSG^;  ^niax"  0.810;  ill)  1.2  ml  CuSO^;  Crnav "  1.13; 

- - r-r^i - 7-1 - T”! — T” -r  -  ^  '  IV)  1.65  ml  CUSO4;  CnTflv=  1-230. 

enebisuieidoacetylglycylglycylglycine  forms  a  .  ^ 

purple -red  biuret  complex  under  the  tisual  conditions. 

The  iodometric  determination  of  copper  revealed  that  the  complex  contains  2  atoms  of  copper  for  1  molecule  of  the 
organic  compound.  The  maximum  absorption  exists  at  a  wave  lengdi  of  555  nyi  (Fig.  1.  Table),  which  indicates  the 
formation  of  the  incomplete  purple  complex.  The  molecular  intensity  is  3  times  greater  than  for  the  complex  of  the 
free  glycylglycylglycine.  As  indicated  above,  die  homogeneity  of  the  complex  was  verified.  The  curves  in  Fig.  3 
are  parallelly  ananged.  and  the  maximum  absorption  lies  at  one  wave  length  of  555  m}i .  Consequently,  the  complex 
is  homogeneous.  In  particular,  the  complex  in  which  the  copper  atom  vmuld  connept  the  ends  of  the  molecule  chain 
in  a  manner  similar  to  Scheme  4,  fails  to  be  formed. 

With  respect  to  complex  formation,  the  investigated  compound  behaves  like  the  double  molecule  of  glycylglycyl 
glycine,  the  acylated  hexamethylenebisUmidoacetic  acid  (Scheme  6).  and  not  like  the  tetrapeptide,  the  acylated 
hexamethyleneblscaibamic  acid.  This  is  indicated  by  the  character  of  the  light  absorption. 

i^NH  “CO  “NH  “CH,  “CO  -J-NH  -CHj  “CO  “NH  “CH,  “CO  -NH  -CH,  “COOH 
^NH  “CO  “NH  “CH,  “CO -fNH  “CH, -CO  “NH“CH2  “CO  “NH  “CHj“COOH 


3.  Biuret  reaction  of  hexamethylenebls 


(Scheme  6) 


The  hexamethylenebisureidoacetic  acid  radical  falls  to  participate  in  complex  formation  dirough  its  nitrogen  con¬ 
taining  groups.  In  this  manner  is  apparently  explained  die  fact  that  hexamethylenebisureiddacetic  acids  fails  to  give 
the  biuret  reacticm  (as  had  been  verified  by  us  on  the  individual  substance).  In  the  investigated  compound  (hexamethyl- 
enebisureidoacetylglycylglycylglyclne)  the  grouping  —NHCHjCO— ,  belonging  to  die  tetrapeptide  (in  the  synthesis  of 
die  compound),  took  part  in  the  formadon  of  the  substituted  urea  derivative;  and  this  fragment  of  the  molecule  is  not 
included  in  the  complex  formation  reacticxi.  In  the  given  case  we  also  observe  the  phenomenon  of  selective  complex 
formation  since,  for  example,  fragments  diat  are  inactive  with  respect  to  the  biuret  reaction  can  exist  in  a  complex 
molecule.  We  depict  the  structure  of  the  biuret  complex  of  hexamethylenebisureidoacetylglycylglycylglycine  by 
Scheme  7: 
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The  above  described  investigations  of  the  three  compounds  revealed  the  following.  Each  of  the  compounds  can 
be  considered  as  a  polypeptide,  in  which  the  chain  is  broken  by  the  hexamethylenebiscarbamoyl  grouping,  which  leads 
to  a  sharp  change  in  the  character  of  complex  formation  when  compared  to  the  reaction  of  the  peptide  widi  chain 
intact.  The  first  compound  can  be  considered  as  being  a  tetrapeptide,  in  which  die  peptide  chain  is  broken;  as  a  re¬ 
sult.  instead  of  the  red  complex,  which  is  characteristic  for  a  tetrapeptide,  each  segment  in  the  chain  (dipeptide)  be¬ 
haves  independently  and  forms  a  blue  complex  with  a  separate  copper  atom.  The  second  compound  can  be  regarded 
as  being  a  hexapeptlde  in  which  the  peptide  chain  is  broken,  and  instead  of  the  red  complex,  characteristic  for  a  hexa- 
peptide,  each  tripeptide  segment  of  the  chain  separately  forms  a  purple  complex.  The  third  compound,  hexametiiyl- 
enebisureidoacetylglycylglycylgjyclne,  can  also  be  regarded  as  being  a  hexapeptlde  with  the  chain  broken  by  the  hexa- 
methylenebisureidoacetyl  grouping.  In  this  case  also  each  segment  of  die  peptide  chain  separately  forms  a  violet 
complex.  In  not  one  of  the  investigated  compounds  is  a  complex  with  multimembered  rings  formed. 


In  aU  three  cases  we  observe  the  specific  influence  of  substance  structure:  it, as  it  were, is  divided  with  respect 
to  complex  formation  into  functional  and  nonfunctional  fragments.  For  die  broken  peptide  chain  each  segment  of  the 
chain  functions  individually.  Of  especial  significance  is  the  fact  that  even  in  these  complex  compounds  the  properties 
of  the  complex  (fimctional  fragments)  correspond  to  the  properties  which  we  (^served  for  the  low  molecular  peptides 
and  their  derivatives. 

EXPERIMEN  TAL 


1.  Determination  of  copper  In  biuret  complexes.  The  substance  (40  mg)  was  dissolved  in  2  ml  of  2  N  sodium 
hydroxide  and  6  ml  of  water,  2  ml  of  0.25  M  copper  sulfate  was  added,  the  excess  copper  hydroxide  was  filtered  after 
1  hour,  the  colored  solution  was  acidified  with  acetic  acid,  and  the  amount  of  copper  determined  iodometiically. 

In  tile  complex  1  gram-atom  of  copper  is  combined  with;  326.1  g  of  hexametiiylenebiscarbamoylglycylglycylglycine. 
365. 1  g  of  hexamethylenebisureidoacetylglycylglycylglycine.  It  was  found  for  hexamethylenebiscarbamoylglycyl- 
glycine  that  the  reaction  was  BPh  complete. 

2.  Spectrophotometric  analysis  of  the  biuret  complexes.  Forty  milligrams  of  hexamethylenebiscarbamoyl - 
glycylglycine  was  dissolved  in  2  ml  of  water  and  2  ml  of  2  N  sodium  hydroxide,  1  ml  of  0.25  M  copper  sulfate, was 
added,  after  10  minutes  the  solution  was  filtered  (corresponded  to  an  0.8*7o  solution  of  the  substance)  and  then  analy¬ 
zed  with  tile  aid  of  a  Beckman  spectro{diotometer.  The  solutions  of  the  biuret  complexes  with  0.2^o  concentrations 
of  hexametiiylenebiscarbamoylglycylglycylglyclne  and  hexamethyleneblsureidoacetylglycylglycylglycine  were  pre¬ 
pared  in  a  similar  manner. 


SUMMARY 

1.  The  biuret  complex  of  hexamethylenebiscarbamoylglycylglycylglycine  has  an  absorption  maximum  at  a 
wave  length  of  550  mp  and  contains  2  atoms  of  copper  for  1  molecule  of  organic  substance. 


2.  The  biuret  complex  of  hexamethylenebisureidoacetylglycylglycylglycine  has  a  maximum  at  556  m|i  and 
coatains  2  atoms  of  copper  for  1  molecule  of  organic  substance. 

3.  The  reaction  for  the  formation  of  the  biuret  complex  of  hexamelhylenebiscarbamoylglycylglycine  paroceeds 
to  a  very  small  degree  (about  8%).  die  complex  has  a  maximum  at  620  mp . 

4.  In  the  compounds  vriih  brdten  peptide  chains  each  segment  of  die  chain  forms  a  separate  complex,  the  ab¬ 
sorption  character  of  which  is  determined  by  the  number  of  amino  acid  radicals  In  the,  segment  and  on  the  chemical 
nature  of  the  peptide  grouping  widi  which  it  is  associated. 

5.  In  a  complex  molecule,  containing  together  widi  the  peptide  chains  other  chemical  groupings,  not  complex 
forming  and  therefore  nonfunctional  in  diis  sense,  the  reaction  can  proceed  on  die  separate  portions  —  the  functional 
fragments  of  the  molecule. 
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REACTION  OF  ORGANIC  BASES  WITH  METAL  SALTS 


m.  REACTION  OF  ANTIPYRINE  WITH  COBALT  AND  AMMONIUM  THIOCYANATES 

S.  E.  Burkat 


The  present  study  is  a  continuation  of  our  investigations  in  the  field  of  reacting  organic  bases  with  the  complex 
thiocyanates  of  various  metals  [1,  '21  In  the  present  paper  are  described  the  new.  as  yet  not  known  in  the  literature, 
products  obtained  by  us  in  the  reaction  of  antipyrine  widi  the  complex  thiocyanate  of  cobalt  and  with  ammonium 
thiocyanate. 

In  accord  with  the  literature,  antipyrine  forms  salts  with  individual  complex  acids,  wliich  salts  are  difficultly 
soluble  in  water.  Thus,  antipyrine  is  readily  precipitated  in  sulfuric  acid  solution  by  bismuth  iodide  in  the  presence 
of  potassium  iodide,  and  gives  a  crystalline  precipitate  with  potassium  ferrocyant'de  in  acid  medium  [31  Gusev  [4, 

5]  developed  methods  for  the  qualitative  and  quantitative  determination  of  cadmium  and  mercury  ions  widi  the  aid 
of  antipyrine  bromide  and  antipyrine  iodide  reagents. 

Our  experiments  revealed  that  antipyrine  and  its  derivative  —  pyramidone  —  give  salts  with  the  complex  thio¬ 
cyanates  of  cd)alt,  zinc  and  certain  odier  metals,  which  salts  are  difficultly  soluble  in  water,  in  neutral  as  well  as 
in  acid  media.  In  contrast  to  pyramidone.  which  forms  characteristic  crystalline  precipitates  with  die  complex  thio¬ 
cyanates  of  cobalt  and  zinc  [6.  71  antipyrine  gives  amorphous  masses  with  the  indicated  salts. 

The  addition  of  a  complex  cobalt  thiocyanate  to  an  acidified  solution  of  antipyrine  in  water  results  in  die  for¬ 
mation  of  a  glasslike  substance  with  a  blue  coltn:.  The  qualitative  presence  of  the  cdialt  ion.  the  thiocyanate  icm  and 
of  antipyrine  in  a  saturated  water  solution  of  the  obtained  substance  is  easily  established  with  the  aid  of  generally 
accepted  reagents. 

The  formation  of  the  substance  can  be  depicted  by  the  equatitm 
4CiiHuON2  +  2HC1  +  4NH4CNS  +  Co(NOs)2-  BHjO  =  (CuHijONi)jH,[Co(CNSi4J-  2CUH12ON2  +  2NIi4Cl  + 

+  2NH4N05  +  6H2O. 

We  also  studied  the  behavior  of  antipyrine  and  pyramidone  toward  ammonium  thiocyanate;  here  it  was  estab¬ 
lished  that  pyramidone  in  neutral  and  in  acid  medium  fails  to  give  a  precipitate  with  an  aqueous  solutian  of  ammon¬ 
ium  thiocyanate.  On  the  other  hand,  antipyrine  in  the  presence  of  dilute  mineral  acid  gives  with  amnumium  thio¬ 
cyanate  solution  a  white  crystalline  precipitate.  The  formation  of  this  substance  is  all  the  more  of  definite  Interest 
since  antipyrine.  under  the  same  experimental  conditions,  fails  to  give  a  precipitate  with  aqueous  solutions  of  chlori¬ 
des,  bromides  and  iodides.  An  aqueous  solution  of  this  compound  gives  the  characteristic  qualitative  tests  for  anti¬ 
pyrine  and  thiocyanate  ion  with  the  generally  accepted  reagents.  The  formation  of  die  obtained  compound  can  be 
depicted  by  the  equation;  CuHaON*  +  N^^CNS  +  HCl  — ^  CuHaON,-  HCNS  +  NHjCl, 

EXPERIMEN  TAL 

1.  fteparation  of  antipyrinetetrathiocyanoeobaltate.  Antipyrine  (3.75  g)  was  dissolved  in  50  ml  of  0.5  N 
hydrochloric  acid.  A  solution  of  1.45  g  of  crystalline  cobalt  nitrate  and  5  g  of  ammonium  thiocyanate  in  20  ml  of 
water  was  prepared  in  a  separate  vessel  The  prepared  solutltm  of  complex  cobalt  thiocyaiute  was  added  with  stir¬ 
ring  to  die  antipyrine  solution;  here  a  sky-blue  amorphous  precipitate  was  obtained,  quickly  changing  into  a  tarry 
viscous  mass  with  a  blue  color.  The  obtained  product  was  washed  2-3  times  with  cold  water,  dien  2-3  times  with 
hot  water  (70"),  and  dried  at  70*.  The  yield  of  substance,  based  on  antipyrine  taken  for  reaction,  was  75^o. 

The  glassy  blue  mass,  transparent  in  a  thin  layer.  Is  practically  insoluble  in  cold  water,  slightly  soluble  in  boil¬ 
ing  water,  and  readUy  soluble  in  ethyl  alcohol.  The  substance  is  slightly  soluble  in  dilute  mineral  acids  and  in  acetic 
acid,  and  is  scduble  in  ctaicentrated  mineral  acids  without  any  characteristic  changes.  The  usual  analytical  methods 
were  used  for  the  quantitative  determination  of  antipyrine,  diiocyanate  ion  and  cdbalt  in  die  cditained  compound: 

Found  <70:  Co  5.29,  5.15;  CNS*  23.21,  23.00;  anUpyrine  73.00,  72.67.  (CiiHHON,)2Hj[Co(CNS)4]*  2CiiHqON2. 

Calculated  Co  5.61;  CNS’  22.40;  antipyrine  71.99. 
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2.  fteparation  of  antipyrine  hydrosulfocyanlde.  Antipyrine  (3.75  g)  was  dissolved  in  40  ml  of  1  N  hydrochloric 
acid  and  with  vigorous  stining  was  added  10  ml  of  a  50^  aqueous  ammonium  diiocyanate  solution.  The  obtained 
precipitate  was  filtered,  washed  on  the  filter  widi  10  ml  of  cold  water,  and  dried  at  60*.  The  yield  of  technical  pro¬ 
duct  was  90*15). 

The  obtained  technical  product  was  recrystallized  twice  from  boiling  v^ater  (first  time  from  30  ml,  die  second 
time  from  20  ml)  and  the  crystals  dried  between  filter  paper  at  room  temperature.  The  white  crystalline  powder  is 
odorless.  Under  the  microscope  it  consists  of  colcnless  needles,  sli^tly  soluble  in  cold  water,  and  readily  soluble  in 
hot  water,  ethyl  alcohol  and  chloroform. 

Found <55):  CNS’  22.98.  23.61;  antipyrine  77.52.  76.90.  CjiHijONj •  HCNS.  Calculated*^:  CNS’ 23.88,  anti¬ 
pyrine  76.12. 


SUMMARY 

The  salt  of  antipyrine  with  a  complex  cobalt  thiocyanate  and  the  salt  of  antipyrine  with  thiocyanic  acid  were 
prepared.  The  composition  and  some  of  the  properties  of  the  obtained  compounds  are  given. 
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SOME  CARBONYL  DERIVATIVES  OF  PHENAZINE 


Yu.  S.  Rozum 


As  Is  known,  the  tbiosemicarbazones  of  aromatic  aldehydes  are  suoigly  tuberculostatic  [1].  This  caused  us  to 
synthesize  and  study  the  phenazinaldehydes  and  their  thiosemicarbazcnes.  Parallel  with  this  the  simpler  ketones  and 
quinones  of  the  phenazine  series  were  synthesized.  1  -Phenazinealdehyde  was  first  obtained  [2]  by  a  complicated  and 
difficult  method.  The  known  1 -phenazinealdehyde  and  die  unknown  2 -phenazinealdehyde  were  easily  prepared  by 
us  in  excellent  yields  from  the  corresponding  1-  and  2-methylphenazlnes  by  dieir  oxidation  with  selenium  dioxide; 


This  reaction  is  both  vigorous  and  rapid,  without  any  side  reactions.  The  obtained  aldehydes  are  characterized 
as  the  oximes,  phenylhydrazones  and  thiosemicarbazones.  by  their  condensation  reactions  wldi  quaternary  salts  of  2- 
methylbenzothiezole  and  a -naphthodiiazole.  and  also  by  their  ultraviolet  absorption  spectra  and  pblarographic  reduc¬ 
tion  potentials  on  a  dropping  mercury  electrode.  The  data  obtained  by  us  for  die  aldehydes  and  their  derivatives  are 
given  in  the  experimental  part. 

We  also  obtained  1 -phenazinealdehyde  by  the  oxidation  of  1 -hydroxymethyl phenazine  with  chromic  anhydride 
in  act  tic  acid.  The  starting  l-hydroxymethylphenazine  was  obtained  from  the  methyl  ester  of  l-phenazinecarboxylic 
acid  by  reduction  with  lithium  aluminum  hydride  in  absolute  ether.  The  investigated  transformations  are  depic¬ 
ted  by  the  following  scheme: 

2RCOOCH,  +  LiAlH4  —  (RCH,0)jUAl((X:H8)t  2RCH,OH  +  2CH,OH  +  LiOH  +  Al(OH), 


The  Grignard  reaction  with  methylmagnesium  iodide  was  run  on  the  obtained  2-phenazinealdehyde.  After  de¬ 
composition  of  the  organomagnesium  complex,  the  obtained  secondary  methylphenazinylcarbinol  was  oxidized  with 
chromic  anhydride  to  methyl  2-phenazinyl  ketone. 


The  oxime,  2,4-dinitrophenylhydrazone  and  thiosemicarbazone  were  prepared  from  the  methyl  2-phenazinyl 
ketone.  The  absorption  spectrum  of  the  ketone  in  the  ultraviolet  is  very  close  to  the  spectrum  of  the  phenazine  - 
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aldehyde,  vrtiile  its  second  stage  reduction  potential  is  slightly  higher  than  for  the  aldehydes.  The  data  fOT  the  methyl 
2  -phcnazinyl  ketone  are  given  in  the  experimental  part. 

The  chemical  literature  on  the  synthesis  of  the  phenazinequlnones  is  extremely  meager.  In  1890  Leizester  [3] 
described  6-methyl-5,8-phenazdione  as  a  brcxize  crystalline  powder,  which  melted  at  a  very  high  temperature  (the 
melting  point  was  not  given).  Kehrmann  [4]  described  the  synthesis  of  2,3 -dihydroxy-1,4 -phenazdione,  which  was 
practically  insoluble  in  all  of  die  organic  solvents,  but  which  in  alkalies,  like  all  quinones,  gave  colored  solutions. 
Nietzki  and  Kehrmann  [5]  synthesized  2,3-dihydroxy -7-methyl-l,4-ihenazdione  from  rhodizonic  acid  and  3,4-di- 
aminotoluene.  Up  to  now,  die  simpler  phenazdiones  have  not  been  obtained. 


We  obtained  die  1,4-phenazdione  (I)  and  the  1 -methyl -5. 8 -phenazdione  (II).  At  the  same  time  an  attempt  was 
made  to  prepare  the  1,5-  and  1,7-i^enazdiones,  but  in  view  of  their  extreme  instability  we  failed  to  obtain  analyti¬ 
cally  pure  compounds.  We  attempted  to  syndiesize  l,4-t)henazdione  by  the  oxidation  of  phenazine  in  a  manner  ana¬ 
logous  to  the  preparation  of  1,4 -naphthoquinaie  [61  But  we  had  to  reject  this  method,  since  die  phenazine  ring  proved 
to  be  less  stable  dian  the  naphthalene  ring  under  diese  conditions;  consequently,  a  second  method  was  chosen,  namely, 
it  was  decided  to  convert  the  cotresjionding  dihydroxyphenazines  to  the  pAienazdiones  by  mild  oxidation.  Lead  tetra¬ 
acetate  (TAL)  was  used  as  the  oxidizing  agent.  The  phenazdiones  obtained  by  us  are  colored  products,  insoluble  in 
the  ordinary  organic  solvents.  They  dissolve  in  alkali  with  a  dark  yellow,  rapidly  changing,  color.  In  concentrated 
hydrochloric  acid  they  dissolve  slowly  widi  a  purple  color.  M  acid  solutions  they  displace  iodine  from  potassium 
iodide.  On  reduction  with  zinc  dust  in  acetic  acid  they  are  transformed  into  the  corresponding  hydroxyphenazines. 

l, 4 -Phenazdione  and  its  methyl  homolog,  similar  to  benzoqulnone  and  1,4 -naphthoquinone,  when  treated  with  acetic 
anhydride  in  the  presence  of  sulfuric  acid  £7j  are  transformed  into  1,2,4 -triace toxypdienazines. 

EXPERIMEN  TAL 

2  -Methylphenazine  was  prepared  by  oiu  improvement  of  the  Merz  method  [81  A  mixture  of  31  g  of  catechol 
and  35  g  of  3,4 -diaminotoluene,  thoroughly  ground  in  a  mortar,  was  heated  in  sealed  tubes  for  50  hours  at  200-220”. 
The  tube  contents  were  washed  twice  with  100  ml  portions  of  hot  water  and  then  dried  in  die  air;  here  the  2-methyl- 
dihydrophenazlne  was  oxidized  by  atmospheric  oxygen  to  2 -methylphenazine,  which  was  extracted  with  alcohol  and 
chromatographed  on  aluminum  oxide  from  ligroin.  After  two  such  treatments  a  product  was  obtained  widi  nup.  119” 
(117*  [8]).  Yield.  36  g  (QS’h).  The  maximum  yield  reached 

1 -Methylphenazine  was  obtained  by  the  alkaline  ccxidensation  of  32  g  of  o-toluidine  and  50  g  of  nitrobenzene 
in  die  presence  of  90  g  of  powdered  piotassium  hydroxide  in  500  ml  of  boiling  toluene.  In  10  hours  3.7  ml  of  water 
was  collected.  The  product  was  chromatographicaUy  purified  on  aluminum  oxide  from  ligroin,  M.p.  108”  (108”  [9]). 
Yield.  6-870. 

1  -Phenazinealdehyde.  A  mixture  of  4.2  g  of  1-mediylphenazine  and  4.2  g  of  freshly  distilled  selenium  diox¬ 
ide  was  carefully  fused  in  a  wide  test  tube.  A  vigorous  oxldatirm  began  at  150”.  Reaction  was  complete  after  5-6 
minutes  at  160-165”.  The  aldehyde  was  extracted  from  the  melt  witii  edier  and  then  recrystallized  from  methyl  al- 
cohoL  Yellow  needles  with  nxpx,  175*.  Yield  3.6  g  (807o).  Soluble  in  me^yl  and  efliyl  alcohols,  acetone,  acetic 
acid,  ediylene  dlchloride  and  chloroform.  Gives  red  colored  solutions  in  concentrated  acids,  which  are  decolorized 
on  dilution  with  water.  Reduction  potential  0.31-1.33  V.  Ultraviolet  absorption  maximum  365,  265,  250  mp. 

(Found  Tw  N  13.28,  13,25.  C^gON2.  Calculated  7«  N  13.46).  Thlosemicarbazone  —  orange  needles  from  alcohol, 

m. p.  241”.  The  hydrazonc  of  1 -phenazinealdehyde  and  Isoniazide  (hydrazide  of  isonicocinic  acid),  pale  yellow  ’ 
needles  with  m.p.  210-211*  (from  alcohol).  Oxime,  m.p.  215*. 

The  boiling  for  2  hours  of  0.4  g  of  1 -phenazine aldehyde  and  0.6  g  of  2-methylbenzothlazoIe  ethiodide  in  6  ml 
of  acetic  anhydride  gave  a  styryl  typje  dye.  After  chromatograpjhlng  on  aluminum  oxide  from  chloroform  and  recrys- 
tallization  (from  a  chloroform -ether  mixture)  there  were  obtained  dark  ted  needles  with  m.p.  210*  (decompn.),  yield 
9.47>.  Absorption  maximiun  in  chloroform  547  mpi .  In  a  similar  manner,  from  2-methylbenzotIiiazole  pheniodide 
and  1 -phenazinealdehyde  a  product  was  dstalned  with  m.p>.  280”  and  absorption  maximum  556  n^i ;  fine  dark  red 


prisms,  yield  19^o.  From  2-methyl-a-aaphthothiazole  eihiodide  and  phenazine  aldehyde  a  product  was  obtained  with 
m.p.  267  •268*.  red  neddles  widi  a  metallic  luster,  yield  16®^.  Absorption  maximum  575  np. 

2  -Phenazinealdehyde.  Obtained  in  the  same  manner  as  the  preceding  from  6  g  of  2-methylphenazine  and  6  g 
of  selenium  dioxide.  Optimum  oxidation  temperature  180-185*.  Yield  6  g  (99^).  M.p.  185“  (from  ethyl  alcohol). 
Yellow  needles,  in  clumps.  Reduction  potential.  0.29-1.29  V.  Ultraviolet  absorption  maximum  365,  265,  252  mp. 
Found ‘1^:  N  13.30,  13.25.  CiaHgONj.  Calculated  <7o:  N  13.46. 

2 -Phenazinealdehyde  oxime  “yellow  needles.  m,p.  229*  (from  pyridine),  Phenylhydrazone  —  slender  red  needles, 
m.p.  249*.  Thiosemicarbazone  —  orange  needles,  m.p.  250*  (from  glycol).  Hydrazone  of  the  phenazinealdehyde  and 
isoniazide  —  yellow  needles  with  m.p.  239*.  Hydrazone  of  2-phenazinealdehyde  and  the  hydrazide  of  l-phenazine- 
carboxylic  acid  —  light  brown  needles,  m.p.  276*  (from  glycol).  Hydrazone  of  2 -phenazinealdehyde  and  2-benzo- 
thiazolylhydrazine  —  red -brown  plates,  m.p.  269*  (from  glycol),  gives  a  blue  color  in  concentrated  sulfuric  acid. 

Methyl  2  -{^enazinyl  ketone,  a)  Grignard  synthesis  of  the  secondary  carbinol.  The  Grignard  reagent,  prepared 
from  9  g  of  met^l  iodide  and  1  g  of  magnesium  turnings  in  150  nil  of  absolute  ether,  was  added  cold  to  a  solution 
of  4.2  g  of  2-phenazinealdehyde  in  1.5  liters  of  annhdrous  ether.  The  mixture  was  heated  with  frequent  diaking  on 
the  water  bath  for  30  minutes.  After  12  hours  a  solution  of  5  g  of  ammonium  chloride  in  100  ml  of  water  and  900  g 
of  ice  was  added.  The  carbinol  went  Into  the  ether  layer.  Yield  of  crude  cafbinol  4  g  (88^o).  Yellow  plates  with 
m.p.  116*  (from  methyl  alcohol).  Readily  soluble  in  acetone  and  acetic  acid,  and  insoluble  id  water.  Gives  a  red 
color  in  concentrated  sulfuric  acid. 

Found  <7o:  N  12.42,  12.38.  C^HijONj.  Calculated  N  12.50. 

b)  Oxidation  of  methyl-2 -phenazinylcarbinol.  A  warmed  solution  of  4  g  of  the  crude  carbinol  in  15  ml  of 
acetic  acid  was  mixed  widi  a  solution  of  1,5  g  of  chromic  anhydride  in  20  ml  erf  acetic  acid.  The  mixture  was  cau¬ 
tiously  boiled  on  the  gauze  for  1  hour;  toward  the  end  of  boiling  about  20  ml  of  acid  was  dIstiUed  off.  The  residue 
was  poured  into  250  ml  of  ice  water.  Yield  2.6  g  (65^o).  Yellowish  green  plates,  m.p.  168*  (from  alcohol).  Gives  a 
red  color  in  sulfuric  acid.  Soluble  in  acetone,  ethylene  dichloride  and  acetic  acid,  insoluble  in  water. 

Reduction  potential  —0.24.  —1.40  V.  Absorption  maximum  in  alcohol  366,  262  mp.  Found‘d);  N  12.70,  12.48. 
Cj^HioONj.  Calculated  N  12.61. 

The  2,4-dinitrophenylhydrazone  of  the  ketone  was  obtained  by  boiling  for  5  minutes  a  mixture  of  0.22  g  of  the 
ketone  In  2  ml  of  acetic  acid  and  0.2  g  of  2.4 -dinitrophenylhydrazine  in  2  ml  of  the  same  solvent.  The  copious  red 
precipitate  obtained  on  boiling  was  filtered  hot.  washed  with  metiiyl  alcohol  and  with  edier.  Yield  0.3  g  (75®^),  Red 
plates,  m.p,  283*  (from  glycol). 

The  oxime  was  obtained  by  boiling  for  30  minutes  on  the  water  bath  a  mixmre  of  1.12  g  of  the  ketone  and  1.5 
g  of  hydroxy lamine  hydrochloridd  in  the  presence  of  sodium  hydroxide.  Yield  1  g  (84*70).  M.p.  238*  (from  pyridine). 

The  thiosemicarbazone  was  obtained  from  0.22  g  of  the  ketone  and  0,13  g  of  thiosemicarbazide  hydrochloride 
in  methyl  alcohol  by  heating  on  the  gauze  for  3  hours.  Yield  0.2  g  (70*7)).  M.p.  266*  (yellow  needles). 

1.4- Phenazflione.  To  a  suspension  of  0.21  g  of  l,4-dihydroxy0ienazine  in  5  ml  of  glacial  acetic  acid  was 
added  in  small  portions  0.44  g  of  freshly  prepared  lead  tetraacetate  (TAL).  and  the  mixture  well -stirred  for  15  minutes. 
After  the  addition  of  the  first  portions  of  TAL  the  Ixight  red  suspension  became  colorless,  and  the  temperature  rose 
slightly  by  15-20*.  The  precipitate  was  filtered,  washed  with  hot  acetic  acid,  methyl  alcohol,  and  ether.  Yield  0.16 

g  (16Plo).  Brown  plates  with  curved  ends,  m.p.  240-245*  (decompn.)  (from  acetophentme).  Difficultly  soluble  in  nitro¬ 
benzene  and  practically  insoluble  in  the  ordinary  organic  solvents.  Gives  a  red  color  in  concentrated  sulfuric  acid, 
and  a  dark  purple  in  hydrochloric  acid.  Dissolves  in  alkalies  to  give  a  dark  yellow  solution  that  rapidly  darkens.  On 
reduction  with  zinc  dust  in  acetic  acid  it  is  converted  to  1,4-dlhydroxyphenazlne.  The  thiosemicarbazone  is  dark 
red. 

Found  <7o;  N  13.37.  13.17.  CoH^Nj.  Calculated  ^o;  N  13.33. 

1. 2.4- Triace toxyphenazine.  1,4-Phenazdione  (0.1  g)  was  added  to  a  mixture  of  3  ml  of  acetic  anhydride  and 
3  drops  of  concentrated  sulfuric  acid.  The  reaction  product  was  poured  into  water.  The  precipitate  was  filtered  and 
recrystallized  from  60^o  alcohol.  Yield,  0.18  g.  M.p.  259-260*.  It  is  slowly  saponified  on  standing  in  potassium 
hydroxide  ot  soda  and  forms  a  purple  -red  solution. 

Found  ‘7«  N  7.94,  7.96.  CijHnOjNj.  Calculated  ofa  N  7.91. 

1,5  -PhenazdiCTie.  1.5-DihydroxyphenazIne  (0.21  g)  was  oxidized  the  same  as  the  preceding  with  0.44  g  of 
TAL.  Yield  0.2  g.  M.p.  308-310*  (decompn.)  (from  acetojiienone).  Reddish  brown  plates.  Soluble  in  alkali  with 


a  dark  yellow  color.  Reduction  with  zinc  dust  in  acetic  acid  gives  1,5-dihydtoxyphenazine.  Displaces  iodine  from 
potassium  iodide  in  acid  solutioa  Judging  from  the  analysis,  the  product  contained  impurities.  Repeated  recrystalliza- 
tion  led  to  decomposition  of  the  product. 

1,7  -Dfliydroxyphenazine.  A  mixture  of  8.6  g  of  1,7 -dime  ihoxyphenazine  and  17  g  of  aluminum  chloride  was 
boiled  for  20  hours  in  400  ml  of  benzene.  The  product  was  puritied  by  a  double  chromatographing  (hi  aluminum  oxide 
•  from  a  1:1  mixture  of  ethylene  dichloride  and  ligroin.  and  then  was  recrystallized  from  60^  acetic  acii  Yield  4.9  g. 
Yellow  needles  with  m.p.  216*.  The  compound  was  analyzed  as  the  diacetyl  derivative,  which  was  obtained  by  boil¬ 
ing  8.5  g  of  1.7 -dfliydroxyphenazine  with  50  ml  of  acetic  anhydride  for  3  hours.  Yield  74%.  Yellow  needles  with 
m.p.  166“  (from  alcohol). 

1,7  -Phenazdione.  Obtained  in  the  same  manner  as  the  preceding  from  0,21  g  of  1.7 -dfliydroxyphenazine  and 
0.44  g  of  TAL  in  glacial  acetic  acid.  Yield  0.2  g.  M.p.  305*  (decompn.)  (from  acetophenone).  Reduction  with  zinc 
dust  in  acetic  acid  gives  1,7 -dfliydroxyphenazine.  Displaces  iodine  from  potassium  iodide  in  acid  solution.  Is  changed 
by  repeated  recrystallization. 

1  -Methyl -5, 8  -dimethoxyphenazine.  A  mixture  of  45  g  of  l,4-dimetiioxy-2-nitrobenzene,  27  g  of  o-toluidine 
and  100  g  of  potassium  hytiroxide  was  boiled  in  500  ml  of  toluene  for  9.5  hours.  The  potassium  hydroxide  was  intro¬ 
duced  in  two  doses  to  avert  violent  reaction.  The  product  was  precipitated  twice  from  hydrochloric  acid  solution, 
extracted  with  ligroin.  and  chromatographed  on  aluminum  oxide.  Yield  3.4  g  (5.47o).  Red  plates,  soluble  in  benzene, 
alcohol  and  ether.  Gives  a  red  cxilor  in  acids.  M.p.  189*  (from  acetic  acid). 

F(imd%:  N  11.20,  11.12.  CbHj^O^.  Calculated  %:  N  1L02. 

1  -Methyl  -5, 8  -dfliydroxyphenazine.  Obtained  by  the  dealkylation  of  5  g  of  1 -methyl -5, 8 -dimethoxyphenazine 
with  12  g  of  aluminum  chloride  in  250  ml  of  boiling  benzene  for  15  hours.  Yield  2.3  g  (52%).  Red  needles.  m.p. 

174*  (from  benzene).  Gives  a  blue  color  in  alkalies.  Characterized  by  analysis  of  the  diacetyl  derivative,  which  was 
obtained  from  0.46  g  of  1 -methyl -5. 8 -dfliydroxyphenazine  by  boiling  in  acetic  anhydride  for  1  hour.  Yield  0.01  g. 
Colixless  plates,  m.p  160*  (from  aqueous  60%  alcohol). 

1  -Methyl -5, 8 -phenazdione.  The  oxidation  of  0.46  g  of  1 -methyl-5,8 -dfliydroxyphenazine  with  0.88  g  of  TAL 
in  acetic  acid  was  the  same  as  previously.  The  end  of  reaction  was  determined  by  the  disappearance  of  color.  Yield 
0.3  g  (68%).  Yellow  nee&les,  m.p.  290-292*  (decompn.)  (from  butyl  alcohol).  Displaces  icxline  from  potassium  iodide 
in  acid  solution,  and  is  reduced  by  zinc  dust  in  acetic  acid  to  l-methyl-5.8-dfliydroxyphenazine.  Gives  a  red  color 
In  alkali,  which  changes  ca  standing. 

Found  %c  N  12.06,  11.95.  CnHAN^  Calculated  %:  N  12.50. 

1  -Methyl-5,7(6).8  -triacetcocyphenazine.  1 -Methyl -5, 8 -phenazdione  (0.2  g)  was  added  in  small  portions  to 

a  mixture  of  5  ml  of  acetic  anhydride  and  0.5  ml  of  sulfuric  acid.  The  product  was  poured  into  water.  Pale  yellow 
needles.  m.p.  205-206*  (from  aqueous  60%  alcohol).  Slowly  dissolves  in  alkalies  to  give  dark  blue  solutions. 

Found  %c  N  7.60,  7.65.  Calculated  %:  N  7.6L 

A  SF  -4  spectrophotometer  was  used  for  measuring  die  ultraviolet  absorption  spectra  in  alcohol  solutions  at  a 
concentration  of  10  mole/liter.  The  reduction  potentials  for  the  phenazinealdehydes  and  phenazine  ketone  were 
measured  on  a  Model  M-8  polarograph  of  the  Gorki  Chemical  Institute  system.  8  in  10'*  N  ammonium  chloride  solu¬ 
tions  with  the  addition  of  10%  of  ethyl  altxihol  at  pH  7.00-7.06. 

SUMMARY 

1.  A  convenient  mediod  for  the  preparation  of  1-  and  2-phenazinealdehyde  by  the  oocidatitHi  of  the  1-  and  2- 
methylphenazlnes  with  selenium  dioxide  was  developecL 

2.  Oxidation  of  the  corresponding  dihydroxyphenazines  gave  die  simpler  phenazinequinones:  1,4-phenazdione 
and  1-methyl -5.8-phenazdione. 

3.  From  2-phenazinealdehyde  through  the  Grignard  were  obtained  the  seccmdary  mediylphenazinylcarbinol 
and  its  oxidation  prcxiuct,  the  simplest  ketone  of  the  )dienazine  series  —  methyl  2-phenazinyl  ketone. 

Derivatives  of  the  discussed  conqiounds  were  prepared  and  their  properties  studied.  Including  measurement  of 
the  reduction  potentials  and  ultraviolet  absorption  spectra. 
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INVESTIGATIONS  IN  THE  POLYCYCLIC  QUINONE  SERIES 


II.  1.4-DIARYLDIAMINOANTHRAQUINONES 
N.  S.  Dokunikhin  and  T.  N.  Kurdyumova 


The  sulfonic  acids  of  N.N’ -diaryl-1, 4-dianiinoanthraquinone  have  found  extensive  use  as  wool  and  silk  dyes. 

As  a  rule,  these  compounds  are  colored  green.  An  exception  are  some  patent-described  1.4-diaryldiaminoanthraquin- 
ones,  which  are  colored  blue,  and  which  contain  the mesityleneEtdical[l],  1^,5 -triethylbenzene  [2J,  durene  [3J,  bromo- 
xylene  [4]  and  certain  other  compounds.  The  structural  characteristics  of  these  dyes  are  the  presence  of  substituents 
in  the  ortho-positions  of  the  benzene  ring  connected  to  the  amino  group,  which  should  exclude  as  the  resnlt  of  steric 
hindrance  the  possibility  of  free  rotation  and  arrangement  in  one  plane  of  the  benzene  and  anttiraquinone  rings. 


In  view  of  the  absence  in  the  literature  of  more  detailed  information  than  that  which  can  be  gleaned  from  the 
patents  on  the  color  and  structure  of  compounds  of  this  type,  it  appeared  of  interest  to  make  a  systemmatic  study  of 
the  change  in  the  absorption  spectra  of  1.4-diaryldiaminoanthraquinones  as  a  function  of  their  structure.  For  this 
purpose,  quinizarin  was  reacted  with  the  corresponding  amines  to  give  the  1.4-di-p-toluidino-  (I).  1.4-di-m-xylidino 
(H)  and  1,4-dimesidinoandiraquinones  (III).  The  bromination  of  1,4-di-m-xylidinoanthraquinone  gave  1, 4 -bis -(2’, 4’- 
dimethyl.t6'-anilino)anthraquinone  (IV),  the  structure  of  which  was  proved  by  reductive  cleavage  to  quinizarin  and  6- 
bromoxylidine.  The  reaction  of  1,4-diaminoanthraquinone  with  6 -bromo -1,3,5 -triethylbenzene  was  used  to  obtain 
l,4-bis(2’,4’,6’ -triediylanilino)anthraquinone  (V).  ] 
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-<C>CH3 


6  HN—<^  V-CHj 
-  0) 
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O  HN-<  V-CiH, 
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CaHy 
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From  our  viewpoint,  it  was  of  especial  interest  to  study  the  absorption  spectra  of  l,4-di-p-toluidino-2.3-di- 
methylanthraquinone  (VI),  where  the  steric  hindrance  considerations  are  similar  to  those  for  (HI).  This  compound  ' 
was  synthesized  by  reacting  p-toluldine  with  l,4-dichloro-2,3-dimethylanthraquinone.  The  latter  was  d>tained  by 
two  methods  —  the  direct  chlorination  of  2,3-dimediylanthraqulnone  with  sulfuryl  chloride  [5]  and  the  methylation 
of  die  quinizarin  leuco  compound  with  formaldehyde  [6],  followed  by  replacement  of  the  hydroxyl  widi  chlorine  by 
boiling  with  thionyl  chloride  [7].  Also  l,4-dimesidlno-2,3-dimethylanthraqulnone  (VH)  was  obtained  from  1,4-di- 
chloro-2.3-dimethylanthraquinone  and  mesidine.  [See  top  of  following  p>age.] 

All  of  the  substances  were  purified  by  recrystallization  or  by  chromatographing  on  aluminum  oxide.  The 
light  absorption  measurements  were  made  in  carbon  tetrachloride  soluticns  cxi  a  SF-4  spectrophotometer.  The 


measurements  were  made  for  two  concentrations  and  showed  a  satisfactory  agreement  for  the  molecular  absorption 
coefficient  (Figure  and  Table). 


^  ^  ^  It  was  established  diat 
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Dye  I  Xniax  e  •  10^  Xmav  e  *10*  ^max  c  •  10*  qulnones.  in  vsrtiich  the  ortho- 

{  ny  nip _ positions  in  the  benzene  rings 

,  (III),  (IV)  and  (V)  are  com- 

(I)  '  645  1.51  610  1.42  410  0.65  \  u. 

i  I  ,  ....v  »  pletely  substituted,  abscMrp- 

'H)  I  635  1.34  400  I  0.47  -  ~  i  u  .  -  a,  u  . 

'  I  _  I  tion  is  absent  m  the  short 

(HI)  630  1.69  485  1.52  j  -  -  ,  u  .u 

'  wave  length  portion  of  the 

(IV)  620  I  1.44  575  ,  1.40  -  -  .  ,  ^  ^ 

I  I  visible  spectrum  and  the 

(V)  630  1.85  585  1.60  i  -  ;  -  a  ^  i  a 

i  I  ground  maximum  is  shifted 

(VI)  ,  610  !  0.88  440  i  0.45  I  ^  i.ucu 

i  ;  to  shorter  wave  lei^ths.  Sub- 

(Vn)  655  1  1.41  620  1.32  420  0.48  “  ,  ^  ^ 

'  '  stitutioa  of  methyl  groups  in 

the  2.3-positions  of  the  anthra 

quincoe  nucleus  in  1,4-dl-p-tbluidinoanthraqulnone  leads,  together  with  a  considerable  shift  of  the  absorption  maxi¬ 
mum  to  die  shofter  wave  lengths,  to  a  sharp  reduction  in  the  molecular  absorption,  which  had  already  been  observed 
earlier  for  other  classes  of  dyes  in  the  presence  of  steric  hindrance  [8.  However,  a  reduction  in  the  molecular 
absorption  coefficient  is  not  reserved  in  the  case  of  (HI),  (IV)  and  (V).  The  light  absorption  curve  for  1.4-dimesidino- 
2.3 -dime diylanthraquinone  has  an  unexpected  and  as  yet  unexplained  character.. 

Apparently,  the  reason  for  the  sharp  coIot  change  of  1.4-diaryldiaminoanthraquinones  in  the  presence  of  steric 
factors  diould  be  sought  for  in  the  disturbance  of  conjugation  between  the  anthraquinome  and  benzene  nuclei  and 
weakening  of  the  inner  hydrogen  bond,  the  effect  of  which  on  absorption  in  the  visible  portion  of  the  spectrum  for 
anthraquinone  derivatives  has  already  been  studied  [10].  The  noncoplanar  structure  of  the  nesidine  molecule  and 
its  lower  pblarization  in  relation  to  aniline  is  supported  by  the  results  of  measuring  its  dipole  moments  in  benzene  and 
in  dioxane  [11]. 

Evidently,  die  position  of  the  imino  hydrogen  atom  in  the  plane  of  the  anthraquinone  nucleus  is  determined  by 
the  conjugation  of  the  nitrogen  atom  with  the  aromatic  nucleus,  similar  to  the  spatial  crmfiguration  of  the  dimethyl- 
aniline  molecule  examined  by  Kipriyanov  [81  In  our  examined  case  the  steric  hindrance  effects  produced  by  the  pre¬ 
sence  of  ortho  substituents  excludes'  die  possibility  of  forming  additional  coplanar  rii^s  with  the  hydrogen  bond  be  - 
tween  die  imino  and  carbonyl  groups,  which  in  the  compound  with  disturbed  conjugation  of  the  benzene  and  anthra¬ 
quinone  rings  should  cause  a  sharp  color  change  in  1,4-diaryldiaminoanthraquinones. 


EXPERIMEN  TAL* 

14-Di-p-toluidinoanthraquinone  [121  A  mixture  of  p-toluidine  (51  g),  concentrated  hydrochloric  acid  (4.6  g), 
quinizarin  (10.5  g)  and  boric  acid  (L05  g)  was  heated  to  85*. and  with  good  stirring  in  small  portions  was  added  0.65  g 
of  zinc  dust,  with  simultaneous  elevation  of  the  temperature  to  95*.  The  mixture  was  stirred  for  5  hours  at  this  tem¬ 
perature,  after  which  it  was  cooled  to  75*.  diluted  with  methyl  alcohol  (65  ml),  and  die  obtained  crystalline  precipi¬ 
tate  filtered.  Yield  15.8  g.  Recrystallized  from  chlorobenzene. 

Found‘d.  C  80.64.  80.72;  H  5.29.  5.31;  N  6.89,  7.09.  C^aO*N**  Calculated  C  80.38;  H  5.25;  N  6.70. 

1,4-Di-m-xylidinoandiraqulnone.-  A  mixture  of  quinizarin  (5  g),  leucoquinizarin  (5  g),  glacial  acetic  acid 
(10  g),  btttic  acid  anhydride  (3.4  g),  m-xylidine  hydrochloride  (5  g)  and  free  m-xylidine  (45  g)  was  stirred  in  a 
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12  hours  at  90-95*.  The  reaction  was  terminated  when  the  precipitate,  obtained  by  diluting  a  sample  of  the  reaction 
mixture  with  alcdiol,  failed  to  melt  below  232*.  The  reaction  mixture  was  cooled  and  the  obtained  bright  yellow 
crystalline  precipitate  was  filtered,  wa^ed  widi  alcohol,  and  dried.  Yield  12.22  g(66.0‘55>).  Recrystallized  from 
nitrobenzene.  KLp.  234-237*. 

Found  %  C  62.85,  62.91;  H  3w29,  3.40;  Cl  23.13,  23.17.  Ci^^OjClj.  Calculated  %  C  62.95;  H  a 28;  Cl 

2a  28. 

b)  2,3-Dimeihylqulnizarin  (12  g),  obtained  by  [6]  and  purified  by  recrystallization  from  chlorobenzene,  m.p. 
250.5-252",  was  boiled  under  reflux  for  10  hours  with  an  excess  of  thionyl  chloride  (55  ml).  Then  most  of  the  thionyl 
chloride  was  distilled  off,  while  the  residue  was  poured  into  glacial  acetic  acid.  The  obtained  dichloroqulnizarin 
was  filtered  washed  with  glacial  acetic  acid,  and  recrystallized  2-3  times  from  glacial  acetic  acid.  M.p.  232.5- 
234.5*. 

14-Di-p-toluidino-2.3-dimediylanthraquinope.  To  a  mixture  of  p-toluidine  (40  g),  dry  potassium  acetate 
(4  g)  and  metallic  copper  powder  (0.04  g).  heated  to  150*.  was  added  in  small  portions  over  1  hour  with  good  stining 
4  g  of  1.4-dichloro-2,3-dimethylanthraquinone.  Then  die  reaction  mixture  was  heated  to  160*  and  stined  for  3  hours 
at  160-170*.  The  reaction  mass  .cooled  to  70*.  was  diluted  with  methyl  alcohol  (60  ml),  the  obtained  precipitate  fil¬ 
tered.  and  washed  widi  alcohol,  dilute  hydrochloric  acid,  and  water.  Yield  4.36  g  (73.5^).  Separates  as  purple  prisms 
from  chlorobenzene  or  glacial  acetic  acid. 

5.426  mg  sub.;  15.962  mg  CO2;  2.900  mg  H^O.  4.748  mg  sub.:  13.796  mg  COj:  ,2.490  mg  HjO.  3.621  mg 

sub.:  0.211  ml  Nj  (25*,  737.6  mm).  3.452  mg  sub.;  0.200  ml  Nj  (21*,  727  mm).  Found  oJk  C  80.25,  80.32; 

H  5.98,  5.86;’ N  6.47.  6.43.  C,pHi,0,N,.  Calculated ‘55s  C  80.72;  H  5.83;  N  6.28. 

1,4 -Dimesidino-2,3 -dimediylandiraquinone.  To  a  mixture  of  mesidine  (20  g),  dry  potassium  acetate  (2  g) 
and  metallic  copper  powder  (0.04  g)  at  150*  was  added  over  1  hour  widi  stirring  2  g  of  1.4-dichlaro-2,3-dlmethyl- 
andiraquinone,  after  which  stirring  was  continued  for  3  hours  at  150-160*  and  the  product  isolated  as  usual  by  dilu¬ 
tion  with  alcohol  Yield  L68  g  (Sl'^o).  The  substance  was'purlfied  by  recrystalUzation  from  chlorobenzene. 

3.730  mg  sub.;  0.208  ml  Nj  (24.5*.  724.7  mm).  3.880  mg  sub.:  0.208  ml  N*  (24*.  725.2  mm).  Found  <70; 

N  6.10.  5.88.  Calculated ‘7«  N  5.58. 

SUMMARY 

1.  The  li^t  absorption  of  1.4-diaryldiaminoanthraquinone  derivatives  in  the  visible  portion  of  the  spectrum 
was  measured. 

2.  A  theory  was  expressed  for  the  reasons  involved  in  the  color  change  of  1.4-diaryldiaminoanthraquinaaes  on 
introducing  substituents,  vdiich  substituents  exclude  the  possibility  of  planar  configuration  of  the  molecule. 

3.  1.4-Di-p-toluidino-  and  l,4-dimesidino-2,3-dimethylanduaquinones  were  synthesized. 
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See  Consultants  bureau  Translation,  pages  611,  653. 


ox  YGEN -CON  TAINING  ORG  A  NOS  ILIC  ON  COMPOUNDS 


VU.  SYNTHESIS  AND  SOME  TRANSFORMATIONS  OT  SILANOLS 
M.  F.  Shos  takovsky,  D.  A.  Kochkin,  I.  A.  Shlkhiev  and  V.  M.  V  lasov 


The  further  development  of  the  chemistry  of  vinyl  ethers  is  their  preparation  on  the  basis  of  organoslllcon  com¬ 
pounds.  As  was  established  in  our  investigations  [1-2]  the  reaction  of  simple  vinyl  etiiers  with  the  tcialkyl(aryl)silan- 
ols  is  analogous  to  the  corresponding  reaction  for  the  addition  of  alcohols  [3].  resultli^  in  the  formation  of  mixed  or- 
ganosilicon  acetals  with  the  following  structure: 


RjSiOH  +  CHj  =  CHOR’ 


CH3CH<^ 


OR’ 

OSIR, 


where:  R  and  R'  =  alkyl  or  aryL 


In  the  present  study,  metiiods  are  described  for  the  preparation  of  some  trialkylsUanols:  trimethyl-,  methyldi- 
ethyl-,  and  dimethylethylsilanols.  The  properties  of  these  silanols  were  studied  and  on  the  basis  of  their  reaction  with 
simple  vinyl  ethers  the  reaction  for  the  formation  of  the  corresponding  organosilicon  acetals  was  studied.  The  start¬ 
ing  products  for  the  preparation  of  alkyl(aryl)silanols  are  the  corresponding  alkyl(aryl)chlorosilanes.  Due  to  the  absence 
of  literature  data  on  the  properties  and  sufficiently  suitable  methods  for  the  preparation  of  the  dimelhylethyl-  and 
met^ldiethylchlorosilanes  [4]  it  became  necessary  to  develop  mediods  for  their  synthesis  and  to  study  dieir  proper¬ 
ties.  The  most  convenient  preparation  method  proved  to  be  tiie  reaction  of  the  corresponding  chlorosilanes  with  ethyl- 
magnesium  bromide.  The  yield  of  dimethylethylchlorosUane  in  this  case  was  44*70,  and  of  me^yldiethylchlorosilane 
was  35<7o  of  the  theoretical. 


The  general  method  for  the  preparation  of  trialkyl( triaryl)-  ot  alkylary Isilanols  is  hydrolysis  of  the  corresponding 
halogen  derivatives  with  alkalies  [5].  However,  tliis  method  proved  hardly  suitable  for  the  preparation  of  the  first 
members  of  the  homologous  trialkylsilanol  series;  trimethyl-,  dimethylethyl-  and  methyldiethylsilanols,  due  to  its 
resulting  in  the  formation  of  dimers.  The  silanols  were  obtained  by  ammonolysis  of  the  conesponding  chlorides  and 
subsequent  hydrolysis  of  the  hexaalkyldisNazines  in  the  presence  of  mineral  acids  with  yields  up  to  70*7«>  of  the  theo¬ 
retical.  An  analogous  method  is  described  in  the  literature  oily  for  the  preparadem  of  trimethylsilanol  [6.  7]. 

Trimethyl-,  dimethylethyl-  and  methyldiethylsilanols  are  colorless  liquids  with  a  weak  camj^xorllke  odor,  and 
are  soluble  in  alcohols,  ether,  and  in  chlorinated  and  axomadc  solvents.  On  dehydradon,  which  most  easily  proceeds 
in  the  presence  of  mineral  acids,  the  corresponding  disUoxanes  are  formed: 

RjSiOH  +  HOSIR,  - >-  R,Si-0-SiR,+  HjO. 

The  dehydration  of  the  indicated  silanols  is  realized  even  at  room  temperature.  The  organosilicon  acetals 
described  by  us:  isopropyl  trimeihyl-,  isobutyl  methyldiethyl-,  sec-amyl  dimethylefliyl-  and  isopropyl  diethylphenyl- 
silyl  acetals  are  colorless  liquids  with  an  etherlike  odor,  soluble  in  the  ordinary  solvents,  but  insoluble  in  water. 


EXPERIMEN  TAL 

1.  Preparation  of  Trimethylsilanol 

We  prepared  trimethylsilanol  by  the  earlier  described  method  [7].  To  supplement  the  latter,  it  is  possible  by 
stirring  the  reaction  mass  in  our  proposed  method  for  the  preparadon  of  hexamethyldlsilazine  to  shorten  the  reacdon 
time  to  3-4  hours  and  increase  the  yield  of  trimethylsilanol  to  90^  of  the  theoredcal,  based  on  hexamethyldlsilazine. 

2.  Preparation  of  Dimethylethylsilanol  [9] 

1)  Preparadon  of  dimethylediylchlorosilane.  In  an  apparatus,  consisting  of  a  three -necked  flask,  fitted  with 
a  mechanical  stirrer  with  mercury  seal,  thermometer,  reflux  condenser  and  dropping  furmel  was  placed  48.6  g  of 
magnesium,  600  ml  of  anhydrous  diethyl  ether;  and  220  g  of  ethyl  bromide  was  added  dropwise  over  3  hours.  The 
reacdon  temperature  was  maintained  at  15-18*.  On  conclusion  of  adding  the  ethyl  bromide  the  flask  was  heated  to 


ether  boiling  for  1-2  hours.  Then  to  a  solution  of  258  g  of  dimethyldichlorosilane  (2  nmles)  (b.p.  69-70*  at  751  mm, 
dj®  1.060)  in  400  ml  of  anhydrous  diethyl  ether,  placed  in  &e  above  described  apparatus,  the  obtained  etiiylmagnes- 
ium  bromide  was  added  from  the  dropping  funnel  in  2  hours.  The  reaction  temperature  was  maintained  at  25-30*; 
after  tills  the  flask  was  heated  for  2  hours  with  ether  boiling  and  allowed  to  stand  ovemighL  The  obtained  preclpita- 
tate  was  filtered  from  the  etiier  solution  and  washed  twice  with  diethyl  ether.  From  the  ether  solution  after  repeated 
rectificatitm  there  was  obtained  108  g  (44‘7o)  of  dimethylethylchlorosilane. 

B.p.  89-90*  (751  mm),  ng  1.4105,  (jf  0.8657,  MRd  34.37;  calculated  35.54. 

Found  <70;  Cl  28.60,  28.53.  C4HiiSiCl.  Calculated ‘^o;  Cl  28.98. 

Literature  data  [4];  b.p.  89.5-90.5*  (760  mm). 

2)  Preparation  of  tetramethyldletiiyldlsilazlne  [9].  In  a  three -necked  flask,  fitted  with  a  mechanical  stirrer 
with  mercury  seal,  gas  outlet  tube,  tiiermometer  and  reflux  condenser,  connected  to  a  trap  immersed  in  a  cooling 
nixture,  was  placed  61.5  g  (0.5  mole)  of  dimethylethylchlorosilane  in  500  ml  of  anhydrous  diethyl  ether.  The  reac¬ 
tion  flask  was  placed  in  a  water  bath  with  a  temperature  not  exceeding  +7*,  and  Into  the  solution  with  constant  stir¬ 
ring  was  passed  a  stream  of  dry  ammonia.  On  conclusion  of  reaction  the  obtained  precipitate  was  filtered  and  washed 
twice  with  diethyl  ether.  The  filtrate  and  ether  extracts  were  fractionated.  After  repeated  f  ractionation,  there  was 
obtained  31  g  (65^)  of  tetrametiiyldietiiyldisilazine. 

B.p.  174-175*  (750  mm),  1.4295,  d?  0.8014,  MRp  60.86;  calculated  60.49. 

Found  C  50.28,  50.35;  H  12.06,  12.07;  Si  30.00,  29.98;  N  7.17,  7.22.  C,HaNSij.  Calculated*^.  C  50.79; 

H  12.16;  Si  29.62;  N  7.40. 

Literature  dau  [8]:  b.p.  175*.  c|?  0.8079,  ng  1.4214. 

3)  Hydrolysis  of  tetramethyldiethyldisilazipe.  In  a  tiiree -necked  flask,  fitted  witii  mechanical  stiner,  reflux 
condenser  and  dropping  funnel,  was  placed  30  g  (0.43  mole)  of  tetrametiiyldietiiyldisilazine,  20  ml  of  water,  200  ml 
of  dietiiyl  ether  and  3-4  drops  of  methyl  orange.  The  reactfrm  flask  was  placed  in  a  water  batii  witii  temperature  not 
above  '+7*,  and  from  the  dropping  funnel  was  added  250  ml  of  1  N  hydrochloric  acid  solution.  The  reaction  end  was 
revealed  by  the  change  in  the  color  of  the  metiiyl  orange.  The  ether  layer  was  separated  and  dried  over  potash.  As 
the  result  of  distilling  the  etiier  layer  there  was  obtained  24  g  (70*!!^)  of  dimethyletiiylsilanoL 

B.p.  58*  (50  mm),  ng  1.4070,  tij®  0.8332,  M%,  30.87;  calculated  30.82. 

Found  fja  C  45.63,  45.46;  H  11.50.  11.27;  Si  27.19.  27,46.  C^HuOSt  CalcuUted  <^a:  C  46.15;  H  11.53; 

Si  26.92. 

Dimethyletiiylsilanol  is  a  clear,  colorless  liquid  with  a  camphorlike  odor.  Soluble  in  ether,  hydrocarbons,  acet¬ 
one  and  etiiyl  alcohol.  On  storage,  heating  or  treatment  with  hydrochloric  acid  it  Is  easily  dehydrated  witii  the  forma¬ 
tion  of  tetrametiiyldiethyldisiloxane. 

4.  Preparation  of  tetramethyldiethyldisiloixane.  In  a  flask  witii  reflux  condenser  was  placed  20.8  g  (0.2  mole) 
of  dimethyletiiylsilanol  and  2  -3  drops  of  30*5^  hydrochloric  acid.  The  reaction  mixture  was  heated  to  boiling  for  2 
hours,  dried  over  potash,  and  fractionated.  Repeated  fractionation  gave  17.5  g  (92f7o)  of  tetrametiiyldiethyldisiloxane. 

B.p.  148*  (751  mm),  ng  1.4014,  c|f  0.7995.  MRd  57.93;  calculated  58.18. 

Found  C  49.78.  49.88;  H  11.42.  11.61;  Si  29.51,  29.30.  C,HnOSI,.  Calculated  in  C  50.69;  H  11.64; 

Si  29.47. 

3.  Preparation  of  Methyldiethy Isilanol  [9] 

1)  Methyldiethylchlorosilane  was  prepared  in  tiie  apparatus  and  under  the  same  conditions  as  were  used  for 
the  preparation  of  dimethyletiiylchlorosilane.  Ethylmagnesium  bromide,  prepared  from  48  g  of  magnesium  in  600  ml 
of  dietiiyl  ether  and  220  g  of  ethyl  bromide,  was  added  from  the  dropping  funnel  over  2  hours  to  a  solution  of  147  g 
(1  mole)  of  methyltrichlorosilane  (b.p.  65*  (750  mm)  in  400  ml  of  anhydrous  diethyl  etiier.  From  tiie  etiier  solution 
after  repeated  rectiflcatlon  tiiere  was  obtained  46.2  g  (34*^)  of  metiiyldlethylchlorosilane. 

B.p.  119-120*  (757  mm),  ng  1.4209.  0.8975,  MRd  38.71;  calculated  39.17. 

Found ‘5k  Cl  25.70,  25.81.  CjHijSiCl,  Calculated  <5^  0  25.94. 


Literature  dau  [4]:  b.p.  119-120*  (760  mm). 


2)  fteparatlon  of  dlmethyltetraethyldisUazine.  Prepared  In  ihe  apparatus  and  under  tiie  condltiaas  used  far 


(0.1  mole)  of  methyldiethylsilanol  and  1-2  drops  of  3070  hydrochloric  acid.  The  flask  was  heatdd  for  2  hours  on  the 
air  bath  to  boiling.  After  drying  over  potash  the  dimethyltetraethyldisiloxane  was  isolated  by  repeated  fractionatioiL 

B.p.  sr  (19  mm),  ng  1.4192.  df  0.8242.  MRd  66.91;  calculated  67.44. 

Found  ojx  C  55.04.  54.81;  H  11.79.  11.81;  Si  25.65,  25.74  Calculated  <7o:  C  54.97;  H  12.00; 

Si  25.71. 

4.  Synthesis  of  Isopropyl  Tr imethylsilyl  Acetal  [9] 

In  an anpoulei, cooled  to  —8*,  was  placed  7.3  g  (0.08  mole)  of  trimethylsilanol  (b.p.  98-98.6*  (757  mm), 
n^  1.3892,  (ij*  0.8139),  9.2  g  (0.17  mole)  of  vinyl  isopropyl  ether  (b.p.  55.0-56.0*.  nj  1.3862,  0.7520)  and  by 

means  of  a  capillary  ~ 0.003  g  of  30^o  hydrochloric  acid.  The  sealed  aipould  was  heated  in  a  thermostat  at  65*  for 
15  hours.  After  treatment  of  the  reaction  product  with  fused  potash  and  repeated  fractionation,  there  was  obtained  " 
6.2  g  (43.3f7o)  of  isopropyl  trimeihylsilyl  acetal. 

B.p.  36*  (16  mm),  ng  1.3951,  ^  0.8266,  MR^  51.03;  calculated  51.33. 

Found  C  54.64,  54.36;  H  11.59,  llf57;  Si  15.77.  15.67.  CgHjoO^i.  Calculated  <7«  C  54.50;  H  11.43; 

Si  15.92, 

5.  Preparation  of  Isobutyl  Methyldiethylsilyl  Acetal 

Isobutyl  methyldiethylsilyl  acetal  was  obtained  by  the  above  described  method.  From  7.5  g  (0.075  mole)  of 
vinyl  isobutyl  etiier  (b.p.  83*.  1.3988,  0.7680)  5.5  g  (0.046  mole)  of  meihyldiethylsllanol  and  about  0.003  g  of 

concentrated  hydrochloric  acid  was  obtained  4.4  g  (43.1*7o)  of  isobutyl  methyldiethylsilyl  acetal. 

B.p.  76-7r  (7  mm).  nB  1.4210.  c^f  0.8374,  MRd  65.86;  calculated  65.22. 

Found  <7(e  C  60.33.  60.32;  H  11.89,  12.01;  Si  ia50.  1^60.  Ci^j^SL  Calculated  <70;  C  60.49;  H  11.93; 

Si  12.86. 

6.  Preparation  of  sec-Amyl  Dimethylethylsilyl  Acetal  [9] 

By  die  above  described  method  from  11.5  g  (0.1  mole)  of  vinyl  sec-amyl  edier  (b.p.  106.5*,  nfj  1.4070, 
0.7794),  5.2  g  (0.05)mole  of  dimethylethylsUanol  and  0.003  g  (about)  of  30^0  hydrochloric  acid  was  obtained 
6.0  g  (55.1*70)  of  sec -amyl  dimediylethylsilyl  acetal. 

B.p.  65-65.5*  (7  mm),  uj  1.4149.  0.8427,  MRd  65.07;  calculated  65.22. 

% 

Found  o/k  C  60.57,  60.48;  H  12.10.  12.08;  Si  iai6,  12.82,  Ct^j^i.  Calculated  *7«  C  60.54;  H  1L93; 

Si  12.84. 

7.  Synthesis  of  Isopropyl  Diethylphenylsilyl  Acetal 

A  mixture  of  9.0  g  (0.05  mole)  of  diethylphenylsilanol  (b.p.  105.5-108*  (5  mm),  n®  1.5109,  0.9904),  8.5  g 

(0.1  mde)  of  vinyl  isopropyl  edxer  (b.p.  55.0-55.7*,  1.3835,  dj*  0.7500)  and  0.02  ml  of  ccmcentrated  hydrochloric 


acid  was  placed  in  an  anpoultf.  The  anpoule  was  sealed  and  heated  on  the  boiling  water  bath  for  2.5  hours.  The  am- 
poilewas  opened  on  die  following  day,  the  contents  were  dried  over  potash,  and  fractionated.  After  repeated  fractiona¬ 
tion  diere  was  obtained  5^1  g  of  substance. 

B.p.'l20-12r  (5  mm),  ng  1.4827,  cf  0.9477,  MRp  80.24;  calculated  80.41. 

Found  ‘fe  C  67.57,  67.75;  H  9.54.  9.64;  Si  10.96,  10.81.  CnH»0,Si.  Calculated  V.  C  67.62;  H  9.84;  Si  10.53. 

According  to  the  analysis  data  the  isolated  substance  wasiisopropyl  diethylphenylsilyl  acetal.  The  yield  was 
35.6^0  of  theory,  based  on  diediylphenylsilanol.  Isopropyl  diethylphenylsilyl  acetal  is  a  colorless  liquid  with  a  sharp 
persistent  odor,  soluble  in  alcohol,  acetone,  ether,  chlorinated  and  aromatic  hydrocarbons,  and  insoluble  in  water. 

SUMMARY 

1.  Mediyldieihylsilanol  and  dimediylediylsilanol  were  prepared  and  characterized  for  the  firsttime. 

2.  Methyldiethylchlorosilane  and  dlmethylethylchlorosilane.  and  die  corresponding  disilazines  and  disiloxanes, 
were  prepared  and  characterized. 

3.  It  was  establidied  diat  the  obtained  silanols  could  be  reacted  with  sinqile  vinyl  ethers  to  give  the  following 
organosUicon  acetals:  isopropyl  trimethylsilyl.  isobutyl  methyldiethylsilyl,  sec-amyl  dimethylethylsilyl  and  isopropyl 
diethylphenylsilyl  acetals. 
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CATALYTIC  TRANSFORMATIONS  OF  TERRENES 


VI.  THE  CATALYTIC  ISOMERIZATION  OF  a  -PINENE  INTO  0  -PINENE 
G.  A.  Rudakov  aad  M.  M.  Shestaeva 

In  one  of  oui  previous  communications  [1]  it  was  mentioned  that  in  the  incomplete  isomerization  products  of 
dra  -pinene  on  titanic  acid,  obtained  at  135-160*,  together  widi  tricyclene.  camphene,  the  fenchenes,  limonene, 
terpinolene  and  the  terpinenes.  diere  is  present  an  extremely  large  amount  of  an  unknown  terpene. 

It  was  esta  dished  in  the  present  study  fliat  the  above  indicated  terpene  is  ^-0  -pinene.  Witfiout  doubt,  the  found 
d-0  -pinene  was  formed  as  the  result  of  d-ti  -pinene  isomerization.  If  0  -pinene,  present  as  impurity  in  the  original 
d-a  -pinene.  had  been  found  in  the  reaction  products,  then  levorotatory  0-pinene  would  have  been  isolated,  since  only 
the  1 -0-pinene  is  contained  in  coniferous  turpentines,  in  which  connection  its  optical  rotation  [aJj}  *^22.4*  is  prac¬ 
tically  constant.  The  formation  of  ^0  -pinene  as  die  result  of  d-a  -pinene  isomerization  is  also  confirmed  by  die  fact 
that  the  specific  optical  rotation  of  the  obtained  d-0  -pinene  [a]D  +10.8*  is  quite  close  to  die  calculated  [a]D+  12.6*.* 

The  catalytic  isomerization  of  0  -pinene  into  a  -pinene  under  the  influence  of  benzoic  acid  [41  rosin  acids  [4] 
and  hydrogen  saturated  platinum  black  [5]  has  been  known  for  a  long  time.  It  also  proceeds  under  the  influence  of 
titanic  acid,  together  with  isomerization  into  camphene  and  monocyclic  terpenes  [61  The  catalytic  isomerization 

of  a  -pinene  into  0  -pinene  is  described  here  for  the  first  time.  Since  the 
reaction  proceeds  with  the  same  catalyst  and  under  the  same  temperature 
conditions  as  the  isomerization  of  0  -pinene  into  d  -pinene,  and  since  0  - 
pinene  is  present  only  in  the  incomplete  isomerization  products  of  a  -pin¬ 
ene,  then  it  must  be  acknowledged  that  a  reversible  equilibrium  condiion 
exists  between  the  two  pinenes.  An  approximate  calculation  reveals  that 
in  the  equilibrium  mixture  of  the  pinenes  in  the  presence  of  titanium  cata¬ 
lyst.  there  is  contained  about  98  of  a  -pinene  and  about  2^o  of  0-pinene. 
The  presence  of  equilibrium  between  a  -  and  0 -pinenes  is  included  in  the 
development  of  the  postulations  presented  in  our  studies  [1.  7,  81  The 
intermediate  compound  (HI)  formed  from  either  a  -pinene  (I)  or  0  -pinene  (H),  on  decomposing,  can  be  converted 
into  either  a  -pinene  or  into  0  -pinene. 

Since  the  action  of  titanic  acid  on  the  pinenes  is  similar  to  that  of  a  number  of  other  acids  and  acid  catalysts 
[6-91  then  it  must  be  assumed  that  the  described  transformation  takes  place  not  only  when  a  -pinene  is  heated  with 
titanic  acid,  but  also  when  it  is  heated  with  many  other  acids  and  acid  catalysts. 

The  comparatively  easy  transition  from  a  -pinene  to  0  -pinene,  and  the  reverse,  causes  us  to  ponder  on  die  inter¬ 
relation  of  these  terpenes  in  the  living  tree.  If  these  transformations  occuned  in  nature,  dien  it  would  seem  that  0  - 
pinene  would  fail  to  have  a  constant  levorotation  in  dj-a  -pinene  containing  turpentines,  as  is  actually  the  case;  con¬ 
sequently,  despite  the  ease  of  interconversion  of  these  terpenes.  the  piesence  of  such  transformatloas  in  the  living  tree 
is  doubtful,  if  only  for  the  reason  that  the  optical  rotation  of  1  -0  -pinene  in  turpentines  actually  remains  completely 
constant. 

EXPERIMEN  TAL 

The  d-a  -pinene  used  by  us  as  starting  prodiuit  was  Isolated  from  Pinus  sylvestris  turpentine,  and  had  the  follow¬ 
ing  constants:  c|^  0.858Q,  n^  1.4654,  [a]];)  30.3*.  The  liquid  phase  isomerization  was  conducted  in  die  presence  of 

titanic  acid  catalyst  at  160*  [1.  8,  9].  The  amount  of  pinene  in  the  ditained  isomerizate  was  32^.  The  isomerizate 
(2500  g)  was  purified  in  vacuo  using  a  highly  efficient  still;  here  112  g  of  a  number  of  fractions  was  collected,  which 
contained  all  of  the  terpene  present  in  the  original  charge.  Of  the  112  g  of  obtained  product.  68  g  was  redistilled. 

22.4  •  30 

•  Calculated  from  the  proportion  [a  Jj)  =  — —  .  where  22.4*  =  [a  Jp  of  optically  pure  0  -pinene  [2],  53*  =  [a  ]d  of 

Do 

optically  pure  a -pinene  [3],  and  30*=  [ajp  of  die  original  a -pinene. 
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Fig.  1.  Isolation  of  the  investigated  terpene;  final  distilla¬ 
tion  of  die  nairow  isomerizate  fraction.  1)  [a  Id**  2) 

3)  4)  boiling  point;  5)  meltii^  point 


The  results  of  the  last  distillatiai  are  shown  in  the  graph 
(Fig.  1),  and  the  properties  of  the  more  characteristic 
fractions  are  given  in  Table  1;  the  rotatory  dispersion 
curves  for  some  of  these  fractions  are  depicted  in  Fig.  2. 

The  collected  fractions  were  divided  into  four 
groups,  designated  on  the  graph  (Fig.  1)  by  letters  from 
A  to  D. 

Group  A  (fractions  1-5}  consists  of  camphene.  The 
3td  fraction  contained  the  purest  camphene;  M.p.  48*. 
dj*  0.8412.  n^  1.4558.  Judging  from  the  melting  point, 
the  5th  fraction  contains  a  small  amount  of  die  terpene 
found  in  group  B. 

&oup  B  consists  of  fractions  6-10.  containing  the 
investigated  terpene  and  camphene. 

Group  C  ccHisists  of  die  intermediate  11th  fraction, 
containing  the  investigated  terpene,  12.6^o  of  n-terpinene 
(determined  by  the  diene  syndiesis  reaction  method  [1]), 
limonene.  and  probably  a  small  amount  of  camj^ene. 


Group  D  (fractions  12-15)  essentially  consists  of 
limonene.  the  amount  of  which  is  greatest  in  the  15th 


fraction.  The  12th  fraction  contains  12^  of  a  -lerpinene  and.  apparently,  also  another  unidentified  optically  inactive 
hydrocarbon.  The  presence  of  dils  hydrocarbon  is  indicated  by  the  different  optical  rotation  of  die  12th  and  15ih. 
fractions  after  removal  of  the  a  -terplnene  ([aJi)  ++48.9*  and  -*+62.3*)  from  diem,  with  the  rotatory  dispersion  coeffic¬ 
ients  being  the  same. 


TABLE  1 


Properties  of  Some  of  the  Fractions  Obtained  In  the  Isolation  of  the  Investigated  Terpene 


Fraction 

No. 

Amount  of 
camphene 

eh) 

3** 

100 

- 

— 

-+42.23* 

+  54.61* 

+  67.91* 

+  66.21* 

+  89.7r 

+  120.06* 

7 

50 

0.8708 

1.4753 

+  25.73 

+  32.72 

+  34.64 

+  39.15 

+  51.35 

+  65.28 

8 

30.2 

0.8698 

1.4765 

+  19.13 

+  24.03 

+  25.42 

+  28.45 

+  35.80 

+  44.15 

9 

16 

0.8680 

1.4777 

+ 14.65 

+ 17.79 

+  18.79 

+  20.66 

+  24.98 

+  28.45 

10 

14.5 

0.8670 

1.4774 

+  14.03 

+  17.18 

+ 17.97 

+  19.98 

+  23.97 

+  27.19 

.15 

- 

0.8445 

1.4734 

+  47.68 

+  61196 

+  65.13 

+  73.92 

+  96.36 

+  123.66 

Based  on  the  course  of  the  curves  shown  in  the  graph  (Fig.  1)  and  the  physical  properties  of  the  group  B  fractions, 
it  can  be  assumed  that  in  them,  especially  in  the  B-9di  fractions,  the  monocyclic  terpenes  are  absent,  and  the  indi¬ 
cated  fractions  can  be  considered  as  being  binary  mixtures  of  cbmphene  and  the  investigated  terpene. 

From  the  boiling  points,  and  n^.  the  9th  and  10th  fractions,  being  richest  in  die  investigated  terpene,  lie 
close  to  B  -pinene.  The  sloping  rotatory  dispersion  curve  (Fig.  2)  also  indicates  the  presence  of  B-pinene  in  diese  frac¬ 
tions. 


One  of  die  most  characteristic  properties  of  B  -pinene  is  its  anomalous  rotatory  dispersion  with  a  maximum  at 
470  mp  [10,  11];  consequently,  to  establish  whedier  the  terpene  contained  in  die  group  B  fractions  is  B  -pinene,  itstot- 
Kaxixj dispersion  in  die  visible  portion  of  the  spectrum  was  calculated. 

As  is  known,  the  specific  optical  rotation  of  a  mixture  of  terpene  hydrocarbons  is  additive  (rule  of  Biot);  con¬ 
sequently,  the  specific  optical  rotation  of  the  investigated  terpene  for  any  wave  length  can  be  found  from  the  equatitai 


•  The  qitical  rotations  for  different  wave  let^ths  were  measured  on  the  Schmidt -Haensch  three -pole  polarimeter. 
••  [fl]x  of  die  3rd  fraction  (camj^ene)  in  benzene  (c  p  44.76). 
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Fig  2.  Rotatory  dispersion  curves,  1)  15th 
fraction  (d-limonene);  2)  3rd  fraction  (d- 
campheneX  3)  7di  fraction  {50Ph  £-camph- 
ene  +  50^  of  the  investigated  terpene);  4) 
9fli  fractira  (16*^  camphene  +  84*7o  of  the 
investigated  terpene);  5)  investigated  terp¬ 
ene  (d-fl  -pinene,  [oJd  +  10.8*);  6)  1  -0  - 
plnene,  [a]p  -10.8"  [10.  11]. 

TABLE  2 


Equilibrium  Ratio  Between  a  -  and  0  -Pinenes  in  tiie 
Isomerizates  Obtained  from  a  -pinene  at  160!. 


a  »  100— a 

where  [a  lx  equals  specific  optical  rotation  of  the  corresponding  hac- 
tion  for  a  given  X;  equals  specific  optical  rotation  of  camphene, 
contained  in  die  investigated  fraction,  for  the  same  X;  a  equals  per 
cent  of  camjrfiene  in  the  investigated  fraction;  [tt*]x  equals  sought  op¬ 
tical  rotation. 

The  values  of  [fl]x  and  [n'Jx  needed  for  die  calculations  are 
given  in  Table  1.  The  percent  of  campliene  was  analytically  deter¬ 
mined  in  the  7th  fractioa.  in  v^lch  connecticn  a  correction  was  made 
in  the  analysis  result  for  etherification  of  the  postulated  0  -plnene. 

From  this  data  die  injtatgrydxspersionof the  investigated  terpene,  found 
in  the  7th  fraction,  was  calculated.  Substituting  [uJd  +10.8*  in  the 
above  equation,  die  value  calculated  for  die  investigated  terpene,  die 
amount  of  camphene  in  per  cent  in  the  other  fractians  of  group  B  can 
be  found,  and  then  the  specific  rotation  of  the  investigated  terpene. 
contained  in  these  fractions,  for  the  other  wave  lengths. 

The  rotatory/  dispersion  of  the  investigated  terpene,  contained  in 
different  fracticnis. proved  to  be  practically  the  same.  This  supports 
the  validity  of  die  assumption  diat  the  group  B  fractions  are  binary  mix¬ 
ture  of  the  investigated  terpene  with  camphene.  The  absolute  rotalory 
dispersion  values  of  the  investigated  terpene  agreed  well  widi  the  absolute 
rotatory  dispersion  values  for  1-0  -pinene  [10.11]  (Fig.  2y,  the  opti¬ 
cal  rotation  sign  of  die  investigated  terpene  proved  to  be  positive. 

The  above  made  possible  die  conclusion  that  the  investi¬ 
gated  terpene  is  d-B  -plnene. 


Total  amount  of  a  - 
and  0  -pinenes  in  the 
isomerizate  (^) 

Amount  of  0  - 
pinene  in  the 
isomerizate  C5o) 

0  -pinene 
a -pinene 

46 

0.02 

0.018 

32 

0.48 

0.015 

The  physical  analysis  results  werefconfirmed  by  the 
oxidation  of  _d-0  -pinene  with  potassium  permanganate  to 
d-nopinic  acid  by  the  method  of  Dupont  [12],  The  yield 
of  impure  sodium  nopinate  from  1.92  g  of  the  8th  fractirai 
was  0.61  g  (32‘7oX  &tid  from  2.97  g  of  die  mixed  9th  and 
10th  fractions  it  was  0j75  g  (25^o). 

The  nopinic  acid,  recrystallized  from  water  and 
dried  at  45"  had  m.pL  126.5*.  The  mixed  mip.  vyrith  1^- 
nopinic  acid  failed  to  be  depressed. 


dj®  0.8366,  0.0981  g  sub.;  1.0010  g  alcohol;  aj)  +0.50"  (1  =  50  mm)j[n]£)  +13.4". 

5.88  mg  sub.;  14.06  mg  COj;  4.735  mg  HjO.  11.9  mg  sub.;  0.639  ml  0.1  N  Na(M.  Found ‘7oe  C  65.25; 

H  9.01;  equiv.  wt.  186.2,  Calculated  <7oe  C  65.19;  H  8.75;  equiv.  WL  nopinic  acid  184.2.  (The 

elementary  analysis  was  made  by  A.  G.  Khudovekova). 

Based  on  the  analyses,  the  equilibrium  ratio  between  a  -  and  0  -pinenes  in  the  isomerizates  was  determined. 
The  basic  principles,  used  in  calculating  die  amount  of  0  -pinene  in  the  different  fractians  obtained  in  the  distilla¬ 
tions,  are  given  above.  If  a  -terptnene  was  present  in  the  analyzed  fracthms.  it  was  first  removed  by  treatment  with 
maleic  anhydride.  The  results  for  die  determination  of  0  -pinene  in  the  different  fractions  were  totalled.  The  data, 
obtained  in  the  analysis  of  the  two  isomerizates,  are  given  in  Table  2. 


SUMMARY 

On  heating  with  titanic  acid  there  occurs  interctxiversion  of  a  -  and  0  -pinenes  with  the  establishment  of  dyna¬ 
mic  equilibrium  between  the  two  isomers.  The  equilibrium  is  drifted  toward  the  a  -pinene. 
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COMMUNICATIONS  TO  THE  EDITOR 


In  the  journal  Chem.  Eng.  News,  30,  4513  (1952)  a  report  was  published  by  the  Nomenclature  Committee  of 
the  Americal  Chemical  Society  for  the  first  half  of  1952.  In  this  report  ihe  term  *arene”  is  proposed  for  the  group 
designation  of  any  aromatic  hydrocarbon.  In  the  report  it  is  indicated  that  the  term  "arene”  was  originally  pro¬ 
posed  by  E.  J.  Lawson. 

To  conect  this  error,  I  consider  it  necessary  to  mention  that  the  term  "arenes"  for  the  designation  of  aromatic 
hydrocarbons  was  first  proposed  in  the  Soviet  Union  by  the  undersigned  and  was  published  as  early  as  1945  in  the  manual 
‘’Physico' -Chemical  Properties  of  Individual  Hydrocarbons".  First  edition.  Editor  M.  D.  Tilicheev.  Moscow -Leningrad 
State  Sci.  -Tech.  Press,  p.  25.  1945. 

M.  D,  Tilicheev 


'i. 

In  the  paper  of  B.  A.  Arbuzov  and  N.  P.  Bogonostseva  "The  Reaction  of  Some  Chloro  and  Bromo  Derivatives 
With  Sodium  Diethyl  Phosphite”,  published  in  the  J.  Gen.  Chem.,  SuppL  II,  1144  (1953),  an  enor  appeared  through  the 
fault  of  the  authors.  In  the  experimental  part,  in  describing  the  reaction  of  triethyl  phosphite  widi  diphenylbromo- 
methane,  it  is  indicated  that  a  precipitate  of  sodium  bromide  is  obtained,  which  is  later  removed  by  filtratioa 

Sodium  bromide  fails  to  be  formed  in  the  reaction  with  the  triethyl  phosphite.  This  description  refers  to  the 
reaction  with  sodium  diethyl  phosphite  and  was  erroneously  made  for  the  experiment  with  the  triethyl  phosphite. 

All  of  the  remaining  data,  including  the  numerical,  are  correct 


B.  A.  Arbuzov 
R  P.  Bogonosteea 
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Fig.  1,  Powder  photographs  of  different  boride  phase; 
1)  MgBj:  2)  phase  A;  3)  phase  B;  4)  phase  C. 


Fig.  2.  Powder  photographs  of  phase  C.  obtained  under  different  conditions, 
1)  at  1200*;  2)  at  1300*;  3)  at  1500*;  5)  at  1900*;  6)  boron  obtained  by 
electrical  discharge;  4)  "crude"  boron  obtained  by  Moissan. 


Singular  Irretiersible-reciptocal  System  with 
Separation  of  the  Chlorides  and  Sulfates 
of  Lithium  and  Thallium.  P.  423. 


Fig.  9.  Three-dimensional 
diagram  of  the  reciprocal 
system  li.  T1  Cl,  SO4. 
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